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r ™/ Spacesuits are truly 
A CA triumphs of human 
engineering. They're a 

fascinating technology 
and certainly something 
that deserves to be widely 

“ celebrated and we've chosen 
A ' todosoin this, the latest 
issue of All About Space. 

The life support on any spacecraft must supply 
air, water and food and maintain the correct 
temperature and pressure to enable humans to 
survive in space. It must also shield the body from 
harmful radiation and micrometeorites, while 
dealing with its waste products. Imagine taking all 
the complex components needed to fulfil these 
life-critical tasks and fitting them into a single 
piece of clothing that has to provide a high level of 
mobility, while also being comfortable to wear. 

That's the challenge that's been facing spacesuit 
design ever since Yuri Gagarin first donned one 
back in 1961. Since then the challenges faced 
by space explorers have evolved, leading to 
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the advancement of the equipment needed to 
overcome them, and our main feature this month 
illustrates and charts the amazing developments 
in spacesuit technology over the last half a century. 
Turn to page 16 to see the results. 

Scientists tend to be pretty good when it comes 
to admitting, “We just don't know”. Very often this 
is the precursor to uncharted avenues of research 
and new discoveries, so this issue we decided to 
take alook at ten mysteries of the universe that 
can't be explained with our current understanding 
of space science. We also asked some of the 
finest minds to take a best guess. You'll find their 
fascinating hypotheses on page 60. 

Finally, to complete the tour-de-force that is 
issue 1] there's aroundup of the most powerful 
forces in the known universe, with everything 
from supermassive black holes and hypernovas to 
deadly gamma rays. Enjoy it - we always do! 


Dave Harfield 
Editor in Chief 


cy: |) Twitter 


: @spaceanswe!rs 








Crew roster 


Jonathan O'Callaghan 
m In-house writer 
Jonathan was suited 
and booted this 

issue as he wrote 

our fascinating main 
feature on spacesuits 





Shanna Freeman 

m Shanna's journey 
through the Solar 
System reaches the 
outer limits as she 
explores dwarf planets 
and the Kuiper Belt 





Gemma Lavender 


. w@Gemmahada 


fight on her hands 
wrestling with our 
article on the most 
powerful forces in the 
universe this issue 


Nigel Watson 

m Nigel contributes our 
Futurelech articles, 
but this issue he also 
took an in-depth look 
inside the Apollo 

lunar landers 





Amazing 

photography and 
surprising stories from 
the spheres of space and 
Space exploration 
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building, a full-scale model of the James Webb TT 
Space Telescope model was on display from 8 to y iT fin 

10 March at the South by Southwest Interactive | Cas. ny 
Festival in Austin, Texas. NASA's James Webb a RS ti 
Space Telescope is the successor to Hubble and 
the largest space telescope to ever be built. 
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Colours of the innermost planet 


This stunning view of Mercury was produced using images from the colour base map imaging 
campaign during MESSENGER's primary mission. These colours are not what Mercury would 
look like to the human eye, but rather the colours enhance the chemical, mineralogical and 
physical differences between the rocks that make up Mercury's surface. 
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Hubble finds 
Space invader 


Nestling among the stars and galaxies captured 
in this Hubble image lies a shape that will appear 
a familiar to anyone who frequented amusement 
arcades during the late-Seventies and early- 
Eighties. This retro-style simulacra is caused by 
the effects of gravitatf@nal lensing which has 
stretched the image of the spiral galaxy (upper 
left) into the shape’of the eponymous villain from 
the Space Invaders videogame. 
_ 












Fireball 
from space 


__ This image captures the moment that 

a meteor exploded in the sky above 
the Russian town of Chelyabinsk on 15 
February 2013. The 10-ton space rock 
___ Created a sonic boom as it entered 
the atmosphere before shattering into 
ieces between nd 51 kilometres (18 
nd 32 miles) above:the Ural Mountains 
in southern Russia. 
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i bh see hole 
1Slaael eaectsnntce ine 
NuSTAR 


Spin rate of a supermassive black hole 
found to be close to the speed of light 


Two X-ray space observatories, NASA's 
NuSTAR and ESA’s XMM-Newton, 
have combined to measure the spin 
rate of a black hole for the first time. 
The 2 million solar mass monster 
was spinning at a relativistic velocity 
close to the speed of light and was 
spotted by a team of scientists led 
by Guido Risaliti at the centre of the 
Great Barred Spiral Galaxy, or NGC 
1365, 56 million light years from 
Earth. The team intend to crack the 
mystery of black holes in general as 


well as how they, and their galaxies, 
form and evolve. 

“We believe that supermassive 
black holes are not born so big,” says 
Risaliti. “Initially, in the early universe 
ld atcavar-VComcy a OT cia cve loo Dem nCcavanea Key 
through accretion of gas and stars, 
or through mergers with other black 
holes.” It is the way in which a black 
hole forms that influences the final 
spin of these strong gravity objects. 

“An ordered, continuous accretion 
of gas and stars from a galactic disc 


VLT witnesses the 
birth of a planet 


A direct observation of the makings 
of a planet may have been spotted by 
ESO's Very Large Telescope 


The clamouring of gas and dust 
required in building a planet could 
have been witnessed by ESO's VLT, 
which is situated on the Paranal 
Mountain in Chile. The observations, if 
suspicions are proven true, will stand 
as the first direct observation of the 
makings of a planet. 

Picked out as a dimly glowing blob 
in the near-infrared wavebands, the 
candidate lies in a disc of gas and dust, 
and orbits the young 2.4 solar mass 
star HD 100546, which resides a mere 
335 light years from Earth. “From 
the data we have in our hands, the 
brightness is best explained with an 
object that is currently accreting a lot 
of material,” says Sascha Quanz of the 
ETH Zurich Institute of Astronomy. 
“This ‘runaway’ gas accretion phase 
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is an early evolutionary stage for 
gas giant planets, similar to Jupiter. 
Concerning the question [as to] 
whether it is a hot Jupiter or more like 
our Jupiter, it is certainly the latter.” 
Orbiting at just over 9.6 billion km 
(6 billion miles) from its 10,200°C 
(18,000°F) star, where it’s not too hot, 
Quanz suggests that once the planet is 
formed, it will start to cool quickly. 
The researcher and his team also 
admit that they have not yet pinned 
down a mass of the could-be world. 
“There is no direct measurement of 
the object's mass available; but the 
observations do put some constraints 
on a possible mass range,” he says. 
However, Quanz suggests that it 
cannot be very old, with a maximum 
age of 100,000 years. @ 


would add angular momentum to 

the black hole always in the same 
direction, thus spinning up,” says 
Risaliti. “Instead, a series of many 
unrelated accretion events from 
random stars and clouds would add 
momentum in random directions, 
sometimes spinning up or sometimes 
spinning down the black hole.” 

The new observations have also 
assisted in testing Einstein’s theory 
EINE AMINA ONES FlC cedar 
gravity bends the space-time fabric 


An artist's impression illustrating 
the formation of a gas giant in the 
disc of dust around HD 100546 


The gas and dust around the young 
star HD 100546 as imaged by the 
‘Hubble Space Telescope (inset) 





of our universe along with the light 
that permeates it. These heavyweight 
black holes are surrounded by a 
pancake of material known as an 
accretion disc, made as gravity pulls 
matter inward. It is thought that 

the closer this accretion disc lies to 
its black hole, the more the gravity 
will warp any X-rays radiating from 
it. “The only way to observe strong 
effects of gravitational fields on the 
surrounding space-time is to study 
the surrounding of black holes, which, 
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A jet of energetic particles shoots a =_—— 
from the exotic object shown in this 
artist's impression and is thought to be 
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could drastically reduce the cost 


Dying stars could be the most obvious target inslooking of going to space. 


for Earth-like worlds, according to a new study by’theorists 
from the Harvard-Smithsonian Center for Astrophysics (CfA) 
and Tel Aviv University. The study suggests that a habitable 
world exists around one in three white dwarfs. 

White dwarfs, or dead stars, are remnants of swollen red 7 
giants. These stars, which are around the size of Earth, are 
dense and have spent all of the hydrogen that once powered 










Star-making 
occurred 
earlier than 
thought 


The Atacama Large Millimeter/ 
















them. However, this has not stopped Avi Loeb, of Harvard, — , submillimeter Array (ALMA) has 

and Dan’Maoz, of Tel Aviv University, from wondering if < found that star formation sprang 

rocky planets, capable of supporting life, exist around them. j into life earlier than once thought, 
“The atmospheric transmission spectrum of a planet ; = and it has also locked down the 


transiting a white dwarf will have a more favourable Lf 12 most distant detection of water. 
contrast with respect to the light from the uneclipsed part “ 
of the white dwarf, compared to a planet transiting anormal ; Rare trio 


star,” says Maoz. Since these stars are so small, planets 
uncovered 


passing over them will block out a great deal of glare. “The 
- enhanced contrast over the glare will permit detecting 

A team of astronomers have hit 
the jackpot by uncovering an 



























oxygen in the atmosphere of the planet, if it's there.” 
Due to white dwarfs’ faintness, Loeb and Maoz surmise ~ 
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that the habitable zone - the distance where temperatures bh sc a extremely unusual trio of rare 
allow for the existence of water - will be quite close in, * : .. ar quasars 9 billion light years from 
; three chance of finding . , 
allowing the world to complete an orbit around its parent 4 habitable world Earth, locked in a system knitted 
star once every ten hours. The trick is finding them. ® around a white dwarf together by the force of gravity. 
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Ocean breaks through : 
Europas crust 


Jovian moon Europa is tipped to have an 
ocean of water flowing under its icy surface. 


An underground ocean of water 
beneath the ice on Jupiter’s moon 
Europa appears to be capable of 
reaching the surface, according 

to Professor Mike Brown of the 
California Institute of Technology. 
The discovery suggests that it may 
be possible to detect any life in 
the ocean simply by sampling the 
residue on the surface. 


Europa is well known for being the 
most likely place in the Solar System, 
other than Earth, to be home to life. 
This is because of the 10Okm (62- 
mile) deep ocean that it is believed 
the moon harbours. However, 
sending a probe to the moon to 
sample the ocean has always been 
problematic, given that the ocean is 
buried beneath kilometres of solid 
ice and would be nigh-on impossible 
to drill down into. However, judging 


by observations by Brown and his 


colleague,Kevin Hand of NASA's Jet 
Propulsion Laboratory, that barrier 
may not be as impenetrable as 
previously thought. 

Using an infrared spectrometer 
on the giant Keck II telescope in 
Hawaii, Brown and Hand were able 
to detect the signature of magnesium 
sulphate on the trailing hemisphere 
of the moon. They believe that the 
Magnesium originates from the 
ocean deep underground, in the 
form of magnesium chloride. This 
then reacts with sulphur belched 
into space by the mighty volcanoes 
on Europa’'s fellow moon Io and 
then falls onto Europa, to create 


magnesium sulphate. Because the 
sulphur does not come from the 
ocean, Europa’s ocean must be 
dominated by chlorides instead, such 
as potassium and sodium. In other 
words, this makes for a very salty 
ocean, just like on Earth. 

The connection between the 
surface and the ocean means that 
there is an exchange of chemical 
energy between the two, which 
would be good for potential alien life. 
“Most importantly,” Brown says, “it 
means that if you want to know what 
is in the ocean of Europa, you just 
have to look at the surface and study 
the composition there.” @ 


“If you want to know what's 


in Europa’s ocean, you just 
have to study the surface” 


Kepler finds Moon-sized planet 


A new exoplanetary system hosting 
the smallest planet found to date has 
been uncovered by the exoplanet- 
hunting mission Kepler. 

Residing 210 light years away from 
Earth in a system called Kepler-37, 
the pint-sized planet, dubbed Kepler- 
37b, is smaller than Mercury, which 
is the smallest planet in our Solar 
System, and is only slightly larger 
than our Moon. NASA’s Kepler spotted 
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the puny planet by watching for its 
transit as it passed in front of its star, 
blocking a fraction of the star's light. 
Then astronomers, led by Thomas 
Barclay, used a technique called 
asteroseismology, which measures 
vibrations and tremors within stars, 
to determine the size of the star and 
hence the planet. 

While the star is in the same 
spectral class as the Sun, it is slightly 


cooler and smaller than our star. 
However, since Kepler-37b orbits at 
a distance less than that between 
Mercury and the Sun, whipping 
around its star in a tango equal to 
13 days, the proximity means that 
Kepler-37b gets very hot, reaching a 


boiling temperature of around 430°C 


(800°F). So it may be a small rocky 


planet, but there is no chance for life , we 


as we know it to live on it. @ 


Mercury's 
past indicates 


magma 
oceans 


An ocean of lava may have once 
existed on the surface of first rock 
from the Sun, Mercury, shortly after its 
formation some 4.5 billion years ago, a 
new study suggests. 

“The thing that’s really amazing 
on Mercury is, this didn’t happen 
yesterday,” says professor of geology 
Timothy Grove at MIT. “The crust is 
probably more than 4 billion years 
old, so this magma ocean is a really 
ancient feature.” 

Using X-ray data obtained by the 
MErcury Surface, Space ENvironment, 
GEochemistry, and Ranging 
probe (more commonly known as 
MESSENGER for short), which has 
orbited the planet since March 2011, 
Grove and his team managed to 
unearth the chemical compositions of 
two types of rock. 

Re-creating the rock in the 
laboratory, Grove and his colleagues 
heated their samples to high 
temperatures and crushing pressures. 
What they uncovered suggested that 
Mercury had once bore an ocean 
of magma which had created two 
different layers of crystals, then 
solidified before re-melting into 
a Magma that once erupted onto 
Mercury's surface. 

Grove postulates that this oozing 
lava existed within the first 1 million to 
10 million years and could have been 
created during the violent processes 
that pieced together Mercury. @ 


Kepler-37b 
is estimated 
to havea 
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History of spacesuits 


These miniature 
Spacecraft have allowed 
us to operate 1n space 
for over half a century 


When the United States and the USSR first decided 
to venture into the cosmos in the mid-20th 

Century, it was readily apparent that they would 
need something to protect their explorers from 

the harshness of space. While pressure suits had 
been used before on high-altitude jets, no one was 
quite sure how the human body would cope with 
weightlessness, and particularly with the vacuum of 
space, if a spacewalk was to be attempted. 

One thing that was known for certain, however, 
was that exposure to space without a spacesuit 
would be fatal. 20 kilometres (12 miles) above the 
Earth the atmosphere becomes so thin, and the 
atmospheric pressure is so low, that the water 
and blood in a human body will boil. Above this 
point, known as the Armstrong limit, some sort 
of protection is vital. Therefore a mini spacecraft 
designed to protect its occupant from the harshness 
of space, or a spacesuit to you and I, was born. 

Spacesuits come in a variety of shapes, sizes and 
uses. In the modern day on the International Space 
Station, astronauts wear flight suits for launch and 
re-entry that are largely designed to protect the 
occupant in case of a bailout. During a spacewalk, 
they have a much more sophisticated suit that allows 
them to operate in space. 

While early iterations were bulky and basic, 
more modern spacesuits make use of computerised 
technology, cooling systems, movable joints and 
more to make operations in space more comfortable 
for astronauts. Future spacesuits, which are now 
in development, will allow greater dexterity and 
movement than ever before, letting astronauts 
operate on the surface of another body such as the 
Moon, an asteroid or Mars. 

While modern astronauts can generally wear what 
they want on the ISS, in the early days of spaceflight 
there wasn't room to get changed into different 
clothes or spacesuits on a spacecraft. The Soviet 
Union's Vostok and Voskhod spacecraft, and the 
USA's Mercury and Gemini spacecraft, were all small 
and cramped, designed largely to test various aspects 
of spaceflight in orbit but not designed for long stays 
in space. The prospect of switching attire was not 
something that was tackled for some time; in fact, 
the first time a spacesuit was taken off during flight 
was not until December 1965 by astronaut Jim Lovell 
on the Gemini 7 mission. 

The first spacesuit used in space was, of course, 
the one worn by Yuri Gagarin when he became the 
first human in space aboard Vostok 1 in April 1961. 
This was the Russian Sk-1 suit, which was basically 
a glorified pressure suit designed only to protect 
Gagarin during the flight and if he had to bailout 
(which, ultimately, he did upon re-entry), and not for 
a spacewalk. The Russian SK-1 suit was used from 
1961 to 1963 with its last wearer being Valentina 
Tereshkova, the first woman in space, on the Vostok 
6 mission, albeit a slightly modified version for a 
female, known as the Sk22. 
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FIRST USE: 
VOSTOK 1 (1961) 


Helmet | . 
Wem arsaacse 

with a visor was 
attached to the 
TUT a aliceee le 
inflatable rubber 
collar could 

be used in the 
event of a 

water landing. 


Weight 

The SK-1 suit, 
Walton MU (clf4arere! 
20kg (441b), i? 
was used for 

the first six 
Vostok missions, 
including Yuri 
Gagarin's historic 
first trip into 
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Basic design 

The SK-1 was designed 
only to protect the 
cosmonaut during 
launch, orbit and 
re-entry, and not 

for spacewalks. 
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Hot on the heels of the Soviets in both spacecraft 
and spacesuits, the Americans had their own suit 
ready for the Mercury programme. This was a 
derivative of the Navy Mark IV suit that had been 
used for high-altitude flights. It used a ‘closed loop’ 
system to provide oxygen to the astronaut, had an 
aluminium-coated nylon exterior for thermal control, 
and straps and zippers for a snug fit. The spacesuit 


could also be pressurised in an emergency in the 
case of sudden spacecraft depressurisation, but this 
never happened throughout the Mercury programme. 
The next spacesuit to arrive was arguably one of 
the most important ever designed. On the Voskhod 
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2 mission, the second and final flight of the short 
Soviet Voskhod programme, it had been decided 
that Alexey Leonov would attempt humanity's 
first spacewalk. The previous flight, Voskhod 1, had 
consisted of a three-man crew that were cramped 
into the Voskhod spacecraft. Somewhat dangerously, 
they flew without spacesuits as there wasn't space 
in the craft for all of the cosmonauts to wear 

one. Leonov, meanwhile, flew with just one other 
cosmonaut, and so was able to wear the Berkut 
Spacesuit. This revolutionary suit, twice as heavy 
as the SK-1 suit worn by Gagarin, allowed Leonov 
to operate outside the spacecraft for 45 minutes, 
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fi . : Mercury suits were specially 
3 tailored to each astronaut 



































although he ultimately only stayed outside for 12 
minutes. When Leonov tried to re-enter Voskhod 
2, though, he found the suit had inflated too much 
and he had to bleed pressure from it to get back in 
the spacecraft. Following these complications, it was 
decided to retire the Berkut spacesuit. 

Once again, just behind the Soviets were the 
Americans with their Gemini spacesuit. Like the 
Berkut suit, this was designed to allow astronauts 
to operate in the vacuum of space, or at least one 
iteration of it was. Four different Gemini suits were 
designed: the G2C as a prototype suit, the G3C 
and G5C for launch and re-entry, and the G4C for 
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allowing astronauts 
to move more easily 
when pressurised. 
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Ml B oth th e Am eT] C ans and S Oviet S found 1966. He suggested training astronauts underwater 


: . for the rigours of space, and also consulted on the 
those e arly SL dcew alls very difficult addition of handrails and footholds to the exterior of 
spacecraft to give spacewalkers something to hold 
spacewalking. Astronaut Ed White wore the G4C and cosmonauts would often get back into their on to in space, reducing the exertion they needed to 
Spacesuit when he completed the first American Spacecraft approaching exhaustion, their suits full perform even simple tasks. Without the important 
spacewalk in June 1965. Using layers of nylon, of sweat. As they were unable to get out of their Gemini 12 mission, where Aldrin demonstrated 
removable boots and a full-pressure helmet, the Spacesuit in their spacecraft, most of these early effective operations in space, humans might not have 


Gemini suits were a vital stepping-stone to the Apollo spacewalkers had to sit and wait until they returned been able to walk on the Moon. 

suits that would be used to walk on the Moon. to Earth to remove the uncomfortable apparel. It Before Buzz Aldrin and Neil Armstrong walked 
Both the Americans and Soviets, however, was actually Buzz Aldrin (turn to page 70 for our on the lunar surface, however, the Soviets were 

found those early spacewalks very difficult. They exclusive interview) who solved the conundrum of developing their own spacesuit to be used on 

required huge amounts of exertion and astronauts spacewalks on the Gemini 12 mission in November the Moon. First, they aimed to perfect the art of 
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Movement Se 
This spacesuit 

used pulleys and _, Pe 
lines to make it 
much easier to | 
move in than the 
Berkut spacesuit. 


Life support 
This was the first 
Russian spacesuit 
designed specifically for 
a spacewalk, and could 
provide life support for 
two and a half hours. 


Interchangeable 

To allow the crew to move 
through the small Soyuz 
hatch, the backpack could 
either be mounted on the 
leg or chest of the suit. 


spacewalking with Yastreb. This spacesuit, with input 
on its design from Leonov, was a clear upgrade over 
the previous Berkut suit; it used pulleys and lines to 
assist with movement, and was generally much more 
manoeuvrable. It was used only on a crew exchange 
between Soyuz 4 and 5 in 1969, with the other Soyuz 
missions not using pressure suits. Yastreb's successor 
was Krechet-94, another revolutionary Soviet suit 


intended for lunar spacewalks. Its major innovations 
were a rear-entry hatch, known as a suitport, and a 
semi-rigid design. Both of these concepts have been 
incorporated into modern spacesuits. When the 
Soviet lunar programme was cancelled, however, 
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SUIT TYPE: 


FIRST USE: N/A 


yet gar sdalalays4 


back allowed cosmonauts 
to get up by rolling onto 
their side in case they 


. 44 fell over backwards. 
_ The Yastreb suit was 


only used once 


Longevity 

Weighing around 
100kg (220Ib), the suit 
could operate by itself 
for ten hours before 
requiring aresupply. — 


Suitport 

CA Comte cl 
ever rear-entry 
suit, allowing 
cosmonauts to 
climb in through 
the back. This is 
FMalctited pm crs ]nbl 
being incorporated 
into modern suits. 

















_ Innovative structure 
This was also the first- 
ever semi-rigid spacesuit, 
with soft fabric limbs and 
a hard aluminium upper 
torso, a design that would 
be adopted by later 
Russian and US suits. 











Eee 

This spacesuit was 
designed to be used 
for spacewalks on the 
Moon, but the Russian 








was cancelled in the 
early-Seventies. 





Krechet-94 was scrapped without a single flight 
under its belt. 

NASA, meanwhile, had been hard at work on its 
own lunar suit. The Apollo A7L spacesuit was a huge 
step-up from the Mercury and Gemini spacesuits, 
providing additional levels of comfort, protection 
and manoeuvrability that were unmatched before. 
Designed by ILC Dover (see ‘The story of the 
A7L boxout on page 21), its primary purpose was 
ultimately to allow astronauts to operate effectively 
on the surface of the Moon. With 12 successful 
moonwalkers donning the suit, it was a resounding 
success. An A7L was tailor-made to each astronaut, 
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manned lunar programme 


“Early spacesuits 
were bulky 

and difficult to 
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A metal ‘hula hoop’ on the 






































but every Apollo mission actually required 15 suits, 
even though there was only a primary crew of three. 
This is because, of the primary crew, each astronaut 
had three suits: one for flight, one for training and 
one for backup. The remaining six suits for each 
mission came from the backup crew; each of them 
needed two suits, one for flight and one for training. 
For Apollo 11 through 17, therefore, 105 suits were 
made. An upgraded version of the spacesuit was also 
used for all three manned missions to the Skylab 
Space station. 

With their cancelled lunar programme behind 
them, the Soviets set about designing two new 
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Fishbowl helmet 
The famous ‘fishbowl’ 
elmet was incorporated... 
by NASA on the A7L to 
allow for an unrestricted 
view, and has been 
used on all of NASA's 
spacesuits since. 









Life support @ 

The entire A7ZL suit, 
including the backpack 
(which included over six 
hours of independent 
life support), weighed 
about 90kg (198lb). 
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The Apollo missions led to the | 
creation of one of the most 
iconic spacesuits ever designed 
the Apollo A7L spacesuit. The _ 


International Latex Corpora' | : t 


A7L was actually introduced 

by a fashion company called 

(ILC), who had been approached oe 
by NASA to design the suit ‘ 


alongside aerospace company 
Hamilton Standard. The latter, | 


however, grew suspicious of 


ILC’s competence and designed 





Buzz Aldrin on 
the Moon in 









its own suit called Tiger, which 
was submitted to NASA for the 
Apollo missions. It was a flop, 
Hamilton Standard blamed ILC 
and the fashion company"tost 
contract with NASA in 1962. 


Several years later NASA ran 
a competition for a new suit. | 





A dozen ILC employees took 
their original.designs from the 
old offices. They finished the | 
suit and submitted it to NASA | 
and the A7L was born. Since 
then, ILC has made the modert 
EMU suit, and also designed 
NASA's next-gen Z-1 suit and 
even the airbags for NASA’s | 
Mars rovers Sojourner, Spirit and C 
Opportunity that allowed them 

to land on the surface of Mars. 
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the Apollo A7L 


History of spacesuits 





SUIT TYPE: 


Apollo A7L 


FIRST USE: 
APOLLO 7 (1968) 


® On the Moon 


The AZL (a prototype 
is pictured here) is 
most famously known 
Fm dae Me) ated] Wee) a re LO 1) 
Neil Armstrong and 
Buzz Aldrin wore 
when they became the 
first humans on the 
Moon in July 1969. 


® Missions 


The A7L was used for 
Apollo 7 to 14, while 
an upgraded version 
(the A7LB), which 
could last longer, was 
used on Apollo 15 to 
17, the three Skylab 
missions and the 
Apollo-Soyuz Test 
Project mission. 
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This suit had rubberised 
joints for movement, 
five layers of nylon and 
rubber for protection, 
‘link-net’ meshing 

to prevent joints 
ballooning and metal 
rings to connect the 
helmet and gloves. 
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SUIT TYPE: 


Sokol 


ey es) 
SOYUZ 12 (1973) 


Protection 
In the event 
of spacecraft 
depressurisation 
the Sokol suit is 
designed to offer 
protection to 
cosmonauts for 
up to two hours. 


6 
DUR el im are oe oye 
upgraded over the 
years; the modern 
Sokol KV-2 has 
FeRAM mel 
rubberised nylon 
and outer layer 
oA ATIX=M NACE 
rae 





Boots and 
P(e) ec 

The boots are built 
Teme aeRO lem aTI CS 
the gloves can | 
be removed and 
reattached using 
specially designed 
wrist couplings. a 


spacesuits, one for launch and re-entry and the 
other for spacewalking. Both these spacesuits 
would be so successful that they would become 

the cornerstone of the Soviet Union's, and later 
Russia's, space exploration. The Sokol spacesuit was 
a lightweight pressure suit that astronauts wore, and 


still wear, on the Soyuz spacecraft during launch 
and re-entry. These suits were the direct result of a 
tragedy when the three-man crew of Soyuz 11 were 
killed on 30 June 1971 as a result of their spacecraft 
depressurising on re-entry. They were unable to wear 
pressure suits as the spacecraft was too small, and 
therefore they were killed instantly. A redesign of the 
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SUIT TYPE: 


Og rT 


ey es) 
SALYUT 6 (1977) 


Quick entry 

The Orlan suit makes use 
(Oli ase NMA ICSE 
through the backpack 

that allows astronauts and 
(eel near Ulecm KONG (OlaMan=ECU lis 
in just five minutes. 


The Sokol suit is not 









suitable for spacewalks LCD screen 
Aimar 
improvement 
Purpose of the modern 
Orlan-MK suit 


The Sokol suit 
is used during 
SMALE 


is that it has a 
aliaTeXe)an) o) 0) =a 





landing only. which processes 
data and alerts 
IFRS the i to | 
malfunctions on 
5015 a chest-mounted 


LCD screen. 





Soyuz spacecraft followed, with the number of crew 
reduced from three to two to allow them to wear 
suits during launch and re-entry. It would not be until 
1980 that three people would travel in a Soyuz again, 
when the spacecraft was big enough to support three 
astronauts in pressure suits. 

The Soviets’ other suit was the Orlan, a versatile 
spacewalking suit that, although it has been 
upgraded over the years, is still in use today. In 
fact, the Chinese used it as the basis for the design 
of their Feitian suits that they use for their current 
spaceflights. It has a rear-entry port, allowing people 
to don it in minutes, and is semi-rigid (with a solid 










































In 2006, a retired Orlan suit 
called SuitSat-1 was released 
into orbit from the ISS 








torso and flexible arms). It's used in the modern era 
for spacewalks on the ISS, having previously been 
used both on the Salyut and Mir space stations. The 
only other spacesuit designed by the Russians was 
the Strizh suit, which was developed to be used on 
the Russian Buran space shuttle. Like their earlier 
lunar programme this was scrapped, although 
the suit was lucky enough to have one flight on a 
mannequin during an unmanned test flight of the 
shuttle in 1988. 

The Americans also settled on a preferred series of 
Spacesuits. In the early-Eighties, the Extravehicular 
Mobility Unit (EMU) was introduced, originally to be 
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NASA's Manned 
Maneuvering Unit 
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FIRST USE: 
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Comfort 
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Kola ay 

The red stripes 
on the suits helps 
ground control 
eflacsesneeies 
between the 
astronauts when 
they are out on 
Saree] hee 














Shuttle EVAs 
This is the spacesuit 
that NASA used 

for spacewalks on 
the Space Shuttle, 
and it is now being 
used in tandem 
Vda m te ROlErele 

suit on the ISS. 











Getting ready 
for space 


You can't just don a multimillion- 
dollar EMU spacesuit and immediately 
jump out into space. Astronauts must 
undergo a lengthy process for several 
hours to get their body prepared to 
enter the pressurised suit and then 
operate in the vacuum of space. 

So, what do they have to do to get 
themselves ready? 


) Reduce pressure | 


in the airlock and = Pull on 
pre-breathe 100 the suit's 
per cent oxygen lower 
for four hours. torso. 
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©) Attach 
components 
to spacesuit. 
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12 mission” 


SUIT TYPE: 
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FIRST USE: 

STS-1 (1981) ANTS 

— = 1085 
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Four missions 
This suit was used 
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four NASA Space ul 


Shuttle missions, | 
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The Shuttle Ejection 
Escape Suit was 
designed to protect 
FTA e LMM . ri 
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ejector seats were ——_ , 
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Survival 

This suit could allow 
crewmembers to 
survive an ejection up 
to 24.4km (15.2 miles) if 
high at a speed of up | EE | ~/ 

to Mach2.7. | ETE 


ee id 








|) Attach the 
helmet to the 
upper torso 
and attach 
tubes to suit. 


©) Insert food 
bar and 
water source 
into suit. 


™ Pull on 
the suit’s 
upper torso. 


™ Check for 
leaks, then 
exit airlock. 
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(LES 


FIRST USE: 
STS-26 (1988) 
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® Communications 
An additional new / 
communications cap 
allowed the Space 
Shuttle crews to talk to 
ground control during 
launch and re-entry. 


<<. 
Rear 
LES had a Nomex outer layer 
and was entered by crew 
using a rear-entry zipper. The 
helmet design also meant 
astronauts had to wear a 
communications cap. 


— 


AS eyifia, 
Owing to their colour, LES 
and ACES were also known 
as ‘pumpkin suits’. The 
orange colouration helped 
the suit be spotted in case . 
of an ejection into water. 


used on spacewalks outside the Space Shuttle and 
is now used on the ISS. In tandem with this was the 
Shuttle Ejection Escape Suit that, as you might have 
guessed, was used on the Space Shuttle as a launch 
and re-entry suit. It was scrapped after the fourth 
Space Shuttle missions in favour of regular flight 
suits, while the Challenger disaster in January 1986 
prompted the design of the iconic orange Launch 


Entry Suit (LES), and later the Advanced Crew Escape 
Suit (ACES), which were used for the remaining Space 
Shuttle missions until it was retired in July 2011. 
Despite the relative advances in spacesuit 
technology, though, operating in space is still no 
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FIRST USE: 


STS-64 (1994) 
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) Upgraded suit 
The main difference 
between LES and ACES 
was that the latter was 
fully pressurised, while 
date) enn(=) mmole IN, 
partially pressurised. 


| 
| Se ee 
eee 
ACES was in use from 
the 64th Space Shuttle 
mission (STS-64) to 
the final one, STS-135, 
replacing the very similar 











The crew of the STS-121 
mission to the ISS 
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o)-t Launch Entry Suit (LES). 1993 
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easy feat. It’s slow going, and even installing a simple 
component on the exterior of the International Space 
Station can take several hours. To assist astronauts 
and cosmonauts, the gloves of a spacesuit often have 
rubberised fingertips that help with grip, while loops 
allow tools to be tethered to the gloves. Tools can 
also be stored on the torso of the spacesuit, while 
a number of dials and switches on the front of the 
suit allow astronauts to regulate their temperature, 
pressure and more. 

These complex machines have been vital in 
allowing astronauts to operate effectively and safely 
in space for over 50 years. While early space missions 





involved limited stays of just minutes in space, 
modern-day astronauts rely on their spacesuits for 
hours at a time as they work on the exterior of the 
International Space Station, and without spacesuits, 
extravehicular activities (EVAs), or spacewalks, would 
simply not be possible. And of course, without the 
complex suits designed for the Apollo missions, 
astronauts would also not have been able to walk 
on the Moon. Spacesuits have allowed us to study 
and explore space like never before, and their 
continued evolution and development will allow us 
to ultimately set foot elsewhere in the Solar System 
in decades to come. @ 


www.spaceanswers.com 








Astronaut RandyBresnik - 
catries out pressure tests “ 
on the Z-1 spacesuit 


SUTTS 
: 





YEARS 








www.spaceanswers.com 





Buzz Aldri 


Buzz Aldrin 


Buzz Aldnin: 
To the Moon 


and b 


Interviewed by Jonathan O'Callaghan 


eyond 


American hero, second man on the Moon, Mars 
advocate - whatever you call him, Buzz Aldrin will 
remain one of the most important space pioneers 
in history. When he talked to us, we listened... 


On 20 July 1969, Edwin ‘Buzz’ Aldrin’s life changed 
for ever. Following his friend and fellow astronaut 
Neil Armstrong onto the lunar surface, Aldrin was 
instantly immortalised as the second man on the 
Moon, and one of only 12 to have ever set foot there. 
With Armstrong's death in August 2012, Aldrin is the 
sole survivor of one of the most famous double-acts 
the world has ever known. 

But while they may have shared that out-of-this- 
world experience together, the duo would go on to 
lead vastly different lives. Armstrong chose a life of 
solitude and isolation, preferring to shy away from 
the public eye and retire to his farm in Ohio, USA, 
while Aldrin became a vocal proponent for manned 
exploration, keen to share his views with the world - 
something he continues to do to this day. 

So when we had the chance to talk to Aldrin 
about his career at NASA and his life afterwards, we 
knew he wouldn't be adverse to giving his views on 
everything from the Gemini missions to the current 
state of NASA, and he duly obliged. 

“I chose my career in the air force as it evolved to 
not include test pilot training,” he admits, as we talk 
about his pre-NASA career. “I wanted to focus on 
the future in space. I knew I was a good pilot, but I 
didn't want my [life] to depend on how co-ordinated 
and precise I was [if I became a test pilot], so I was 
looking towards academic research.” 

While Aldrin’s beginnings as a pilot were similar 
to many of the Space Race era of astronauts - and 
indeed many modern ones as well - his decision 
to avoid advancing to the level of test pilot made 
him almost unique at the time. Whereas those such 
as Neil Armstrong spent time flying experimental 
jets like the X-15 rocket-powered aircraft, Aldrin 
devoted his time to the study of space architecture - 
specifically a thesis on ‘Manned Orbital Rendezvous’, 
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which would later earn him the nickname ‘Dr 
Rendezvous’ when he joined NASA. 

When he did eventually enter the USA's national 
Space agency in 1963, he was thrust into a pitched 
technological battle between the USA and the Soviet 
Union. It's hard to deny that the Space Race between 
those two superpowers during the Sixties and 
Seventies remains the most exciting time for human 
space exploration in the history of humankind. Our 
modern missions to the International Space Station 
sometimes fail to elicit the same kind of awe and 
wonder. But as thrilling as those early missions may 
have been, they were fraught with peril. 

Aldrin was very close friends with Ed White, who 
performed the first American spacewalk in June 1965 
before sadly losing his life, along with Gus Grissom 
and Roger Chaffee, in the Apollo 1 fire in April 1967 It 
was White who inspired Aldrin to get involved with 
NASA. “In 1962, I got a phone call from Ed White, 
and he said NASA was selecting the second group 
of astronauts,” says Aldrin. “I told him I could shoot 
gunnery as well as him, or better, so I also decided 
to apply. But even though I was studying for a doctor 
of science degree at the Massachusetts Institute of 
Technology [MIT], I wasn't selected [because I didn't 
have test pilot experience].” By 1963, though, the 
requirements had changed and Aldrin no longer 
required test pilot training to become an astronaut. 
He applied and was selected as a member of the third 
group of 14 NASA astronauts. 

Aldrin’s academic background stood him in good 
stead. “I believe there were several of us in that third 
group who had not been trained as test pilots,” he 
says, “but at the time I was the only one who had a 
doctorate’s degree from as prestigious a place as MIT." 
His knowledge and work would prove pivotal in the 
eventual success of the Apollo missions. 





sith, ‘Aldrin aa 
Apollo 11 spacesuit 


“At the beginning of the Gemini programme, four 
objectives were at stake,” explains Aldrin. “Long- 
duration human spaceflight, computer-guided 
re-entry, space E'VA [extravehicular activity, or 
spacewalks] and, of course, rendezvous in space 
between Gemini and another spacecraft. Operating 
independently outside of the spacecraft was essential 
for the Apollo programme.” 

But when Aldrin was ultimately assigned to fly 
on the Gemini 12 mission in 1966, NASA was still 
struggling to get to grips with EVAs. Aldrin felt 
that he would be able to help NASA perfect the 
technique, so that the Apollo missions could go 
ahead, but at one stage it looked like he wouldn't 
even get the opportunity to go to space. “I was 
helping to train the early rendezvous missions and 
I expected to be assigned eventually to a primary 
crew before the end of the Gemini programme 
[under NASA‘s three-mission rotation schedule], 
Aldrin explains. “Unfortunately, it didn't look like 
it was going to work out that way because my 
assignment with Jim Lovell was to back up Gemini 
10, which meant we would fly as the primary crew 
on Gemini 13. But there was no Gemini 13. So it was 
a disappointment to me to be assigned as a dead- 
ended participant in the Gemini programme.’ 
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As fate would have it, however, Aldrin would 
ultimately get his flight when some of his fellow 
astronauts lost their lives in tragic circumstances. 
“The primary crew of Gemini 9, consisting of Elliot 
See and Charlie Bassett, were flying in to St Louis 
[Missouri, USA] in a snowstorm,” says Aldrin. “They 
became disoriented on their final approach and they 
crashed into the hangar that housed their spacecraft 
and both were killed. So Jim Lovell and I were moved 
up to back up Gemini 9, which meant we'd rotate to 
be the prime crew on Gemini 12. My growth as an 
astronaut took on a very major change because of 
the tragedy of the loss of a crew." 

Despite the sombre conditions around which his 
mission had arisen, Aldrin was ready to grasp the 
opportunity. He began to train underwater in what is 
known as neutral buoyancy ahead of his important 
EVA. On 11 November 1966, Aldrin, alongside Jim 
Lovell, launched into space, and the mission he had 
trained for and worked on for so long could begin. He 
did three EVAs totalling “five and a half hours, and 
I set a world record [for EVA length at the time] and 
successfully accomplished all the tasks in the back of 
the spacecraft using foot restraints, which had been 
vastly improved. Based upon that, we moved into 
Apollo confident of the spacewalking experience.” 

Aldrin’s successful last mission in the Gemini 
programme put him in a “rather good position for 
assignment on Apollo as the programme evolved 
after the [Apollo 1 launchpad] fire that killed my good 
friend Ed White, which set back the early design 
of the Apollo spacecraft when the Russians were 
moving ahead rapidly. Neil Armstrong and I ended 
up on the backup crew of Apollo 8." 


“We moved into 


Apollo confident of 
the spacewalking 
experience 


Just as his flight on Gemini 12 might not have 
happened, though, Aldrin also revealed to us how 
Apollo 11's status as being the first landing on the 
Moon was at one stage in doubt. “What had been 
happening in the evolution of Apollo was that Apollo 
11, when it was assigned its crew, was potentially 
going to be the first landing mission,” explains Aldrin. 
“However, I've recently learned from the programme 
manager, Hugh Davis, that Lunar Excursion Module 
5 [LEM 5, the Apollo 11 Eagle lunar lander], which 
was scheduled to fly on Apollo 11, was originally not 
qualified for landing. It was overweight.” 

This revelation meant that, for a time, it looked 
like Apollo 12 would be the first lunar landing, and 
not Apollo 11. “It wasn't until quite recently that I 
discovered that there was a period of time where the 
first landing was going to be Apollo 12 in October, 
and not Apollo 11 in July,” explains Aldrin. “So history 
Was going to play out a different way, and that again 
would have had a major impact on my life and career, 
[as well as] Neil Armstrong's, if LEM 5 had remained 
too heavy to make a landing attempt.” 

Eventually, however, the problems were overcome 
and Apollo 11 was given the go-ahead, although the 
crew “were apprehensive doing something for the 
very first time.” Aldrin and Armstrong touched down 


In the footsteps of Buzz Aldrin 


Aldrin on board the 
Eagle lunar lander 





on the Moon on 20 July 1969. On the surface, Aldrin 
described the Moon as “magnificent desolation", 
which is also the title of his 2009 autobiography. 
“When I got on the surface after hearing Neil's 
words ['One small step for man, one giant leap 

for mankind’, I then heard him use the word 
‘magnificent’,” says Aldrin. “That reminded me to 
add something to his words, so I said ‘magnificent 
desolation’. That word ‘magnificent’ means to me 
the progress, the evolution of humankind on planet 
Earth. The contrasting word of ‘desolate’ means that 
What Neil and I were looking at was perhaps the 
most desolate scene we had ever seen. Absolutely 
no life whatsoever, just shades of grey and a black 
sky, no air, no evidence of life at all. You just couldn't 
re-create that scene of desolation.” 

On their return to Earth, Aldrin and Armstrong 
were thrust into the global limelight. Whereas 
Armstrong chose a life of isolation, Aldrin instead 
became a space expert on a range of policies, never 
afraid to speak his mind, which is the case to this 
day. We ask his thoughts on the state of space 
exploration today, with the 50th anniversary of the 
Apollo 11 mission approaching in 2019, and he is keen 
to give his opinion on where he thinks we stand. 

Aldrin is clear in his belief that international 
co-operation will be key for future space endeavours, 
but he wants the USA to continue to lead the field. 
“With the ISS I think we have learned that, even 
though it maybe wasn't perfect, we did bring nations 
together,” he says. “There are other things that we've 
co-operated on in space, but I feel that we need an 
international lunar base development so that activity 
on the Moon - robotic or human - can be overseen 


20 Jan 1930 1951 1963 Nov 1966 20 July 1969 Mar 1972 1989 2009 

Birth West Point Doctorate Gemini 12 Apollo 11 Retirement Men From Magnificent 
Edwin Eugene Graduates Receives his Performs the first Aldrin and Neil Aldrin retires Earth Desolation 

‘Buzz’ Aldrin from West doctorate of wholly successful Armstrong from active Releases a book Buzz's autobiography 
is born in Point Military science in spacewalk during become the first duty after about the Apollo Magnificent 
Montclair, New Academy in astronautics the Gemini 12 people to walk 21 years programme called Desolation is 

Jersey, USA. New York. from MIT. mission. on the Moon. of service. Men From Earth. published. 
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by a single international organisation, and it should 
be instigated and led by the United States." 

Indeed, Aldrin feels that a lunar base could be 
a Vital stepping stone to other corners of the Solar 
System. “In the conservation of our resources in 
the US, we should prepare a lunar base for other 
people to use including testing spacecraft and later 
interplanetary travel,” explains Aldrin. “That way we 
don't have to build the big rockets and big landers 
that we're not well equipped to do.” 

Aldrin, of course, is referring to NASA's much- 
maligned Orion spacecraft and Space Launch 
System [SLS], which he feels are stagnating under 
misdirection. President Obama was responsible for 
cancelling the Constellation programme, which 
would have landed astronauts back on the Moon, but 
Aldrin feels it was a step that needed to be taken. “He 
was following the unsuccessful implementation of 
President Bush's plan,” says Aldrin. “Obama made the 
right decision in cancelling Constellation.” 

But even with the deadweight of Constellation cast 
off, Aldrin still feels NASA's current goal for manned 
exploration is wrong. “Orion and SLS are not the 
right direction for NASA,” he says. “I think we're so 
far along with Orion that we need to complete it as 
an Earth-landing system, but I think Orion needs to 
have a second-generation spacecraft that does not 
re-enter the atmosphere, and I don't believe we need 
to develop a big rocket that will be very expensive 
and won't fly very often." 

The problem, Aldrin says, is with the Senate. 
“Senate law mandates NASA to use ‘heritage 
components’,” he explains. “That, to me, means 
old stuff. Not innovative future thinking that is 
commemorative of a great leading nation. If this is 
continued, it will not bode well for US leadership in 
space. We should be landing astronauts on the Moon, 
and we've got plenty of time to develop a more cost- 
effective system than using ‘heritage components’” 

While the US government might be heading in the 
wrong direction in Aldrin's eyes, the privatisation of 
Space is something to be hopeful for. “I'm encouraged 
by commercial space initiatives,” he says. “Their 
success will move the country towards landing man 
on Mars, and not returning to what we did 40 or 
50 years ago [on the Moon]. For a while I have felt 
that the public attention being drawn to the 50th 
anniversaries of the landings on the Moon from July 
2019 to December 2022 - that’s the landing of Apollo 
11 through 17 - might inspire such a mission. I think 
those are attractive times to make a commitment to 
permanence at Mars within two decades.” 

As we head into this new era of private space 
travel, the man who was on that seminal mission to 
the Moon clearly feels that now is the time to, once 
again, reach for the stars just as we did in the Sixties 
and Seventies. And does Aldrin think Mars is a 
realistic target by 2035? “Yes, I do,” he concludes. @ 


Mission To Mars 
RRP: £1799/$26 
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MISSION T0 My Vision For Space Exploration is 
| S on sale 7 May 2013. In it, he takes 
a look at the history of spaceflight 
and the future of space exploration. 
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= Aldrin’s new book Mission To Mars: 















1. On the Moon 

Aldrin carries two 
packages that made up 
the Early Apollo Scientific 
Experiment Package. 

2. Gemini 12 

Aldrin (left) with his fellow 
Gemini 12 crewmember, 
Jim Lovell. 


3. Spacewalk 

Aldrin helped perfect 
spacewalks while on board 
Gemini 12 and set a world 
record for EVA length. 
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Buzz Aldrin 





4. Splashdown 

Lovell and Aldrin pictured 
aboard the USS Wasp after 
Gemini 12 splashed down 
in the Atlantic Ocean. 


5. Nixon 

Armstrong, Collins and 
Aldrin talk with President 
Nixon after their return 
from the Moon. 


6. Obama 

The Apollo 11 crew meet 
President Obama in the 
White House in 2009. 
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The ISS orbits the Earth every 90 
minutes and since its launch in 1998 it 
has completed approximately 60,000 
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At an estimated cost of over 


$100bn (£67bn), the ISS is the most 


expensive single object ever built by 


mankind. Roughly half of the total 
price was contributed by the USA, 


modules (seven US, five Russian, two Japanese 


is about 109 metres (357 feet), longer than a 


and one European) and four large solar panels. 
It weighs 420,000 kilograms (925,000 pounds), 


soccer pitch and about the same size as an 
American football field, while its liveable space 


the rest by other nations including 


Japan, Russia and Europe. 


which is more than 320 automobiles. 
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Permanent Moon base 





Technology and 
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include using a base to exploit lunar resources, as 
a springboard for launching expeditions to the rest 
of the Solar System, and for fostering international 
scientific research and collaboration. 

There was a distinct possibility of creating a 
lunar base when NASA revealed its Vision for Space 
a Exploration in 2004. This proposed building a base 
’ near one of the lunar poles, between 2019 and 
2024. It was intended to study lunar geology and 
consider the feasibility of using lunar resources for 
construction. Another major goal was to use this as 
a base for assembling and launching spacecraft to 
Mars. This project was cancelled in 2010. 

Nonetheless, other countries have come up with 
new schemes. The Japanese Aerospace Exploration 
Agency, in 2010, announced that it was investing 
$2.2 billion (£1.4 billion) to send robotic rovers and 
androids to the Moon. These would collect detailed 
information about the lunar environment with a 
view to creating a robot colony on the Moon by 
2020. Manned missions and the establishment of an 
International Lunar Base would then follow. 

The Chinese space agency is running a long-term 
Chinese Lunar Exploration Program (CLEP), which 
intends to launch lunar manned missions by 2030. 
One objective would be to create a base where the 
rare helium-3 isotope could be mined. Russia also 
has plans for a Moon base to be created by 2032. 

Most Moon base concepts consist of modules 
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Bigelow Aerospace’'s supplied from Earth that could be connected 
BEAM is an expandable together and improved over time. Lunar materials 
ei SC leneehll 2 could then be mined and used for construction 
Se ee co purposes. This would enable bases to be built 


Me ate Fe rxed underground or inside craters, which would provide 


a constant temperature and better protection against 
cosmic radiation and meteorite strikes. Power would 
be supplied by solar panels and fuel cells, or by 
nuclear fission reactors. Ice deposits discovered at 
the lunar north pole might also be extracted and 
used by future colonists. 
Recently the European Space Agency and the 
Foster + Partners architectural firm have put forward 
| the idea of using 3D printing to create a lunar base. 
J A large tubular frame would be sent to the location 
cn from Earth, and then robots would pulp and spray 
oe raw lunar material over it to create an igloo-like 
meee, structure that can house four people. ® 
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All About Space runs for cover as we 
explore the objects in the cosmos that 
pack the biggest punches of all 


The universe is an incredibly violent place, populated by explosions and torrents 
of radiation, pulled this way and that by powerful fundamental forces, and lit up 
by active centres of galaxies and massive stars. All these forces are in interplay - 
supernovas create black holes, while gravity battles dark energy to decide the fate 
of the universe. Energies far greater than the Sun can produce in 10 billion years 
are wielded in a matter of seconds, and our knowledge of physics is put to the test 
by the most extreme and most powerful events in the universe. 
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Most powerful forces in the universe 


THE EXPLOSION THAT CREATED THE UNIVERSE 


The big bang 


Our universe sprang into existence 
around 13.77 billion years ago; a great 
event that created everything we 
know of - from stars and galaxies to 


planets and Solar Systems. Nothing 
existed before the Big Bang. While it’s 
easy to imagine that a great explosion 
created our universe, this is far from 
the truth. Currently we understand 
that, at first, there was nothing and, 
during and after that moment, time 
and space came into existence - 
beginning as an infinitesimally small, 
infinitely hot and dense object. Just 
where it came from, is however, 
something experts are still not sure of. 
What we do know is that this point 
began to expand and is continuing to 
do so according to the rate at which 
galaxies are moving away from us. The 
story of how the cosmos came to be 
as it is today is a tale of high energies, 


Birth of 
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1. The Big Bang 
Occurring approximately 
13.77 billion years ago, 
which is considered to be 
the age of the universe, 
the Big Bang is a widely 
accepted model for the 
origin of everything. 





_}2. The hot and 
eS ee 
Cs In its earliest stages the universe 
Was Very hot and dense. Subatomic 
particles such as electrons and protons 


thick ‘fog’ and sizzling temperatures 
which gradually calmed, cleared and 
cooled, creating the first particles and 
the beginnings of the fundamental 
forces that surround us. These are the 
electromagnetic, weak, gravitational 
and strong forces, the latter being the 
one that holds nuclei together. 

As the universe cooled further 
it shifted from being radiation 


dominated to being matter dominated, 


introducing the hydrogen atoms 
along with the cosmic microwave 
background radiation - the thermal 
radiation that fills every part of the 
universe - which crackles its presence 
when radio dishes are turned upon it. 
The final transformation saw the 
emergence of large-scale structures 
as the earliest stars, quasars, galaxies, 
clusters of galaxies and superclusters 
were added to the cosmic mix. @ 


3. The cosmic microwave background (CMB) 


An artist's impression of the inflation theory which suggests that during the Big Bang, 
a false vacuum created a force which drove a very rapid expansion of the universe 
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Around 375,000 years after the Big Bang, the universe ae 


had begun to cool down. The lack of high temperatures 
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and intense radiation meant that atoms could form from 
electrons and protons without being ripped apart and 
the universe became transparent. Since light could travel 


through space, we see it today as the CMB. 
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were being created and destroyed. 


Here the universe was made of mostly : 


photons - particles of light. 
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5. Our Solar System 


9 billion years after the Big Bang, our Sun 


= 
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q % 
formed from a large cloud of gas and dust. a —_ 
Meanwhile; as the Sun was forming a disc of 

leftover gas and dust was creating around 

it. Over hundreds of millions of years, the 

planets’rew, forming the Solar System we 


see around us today. -_ | a 
. | & 





4. The dark ages 
Somewhere between 400,000:to 400 million years after 
dpe s}f2m of-] prema n MOVER Ce Bela AO ll Me) t-(ecmm ia 


nothing much going on save for a few denser regions dotted. __ 
around which would later form the first stars and galaxies. 7 
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POWERING THE EXPANSION 
OF THE UNIVERSE 


Dark energy 


We can't see it, but we know it's there. 
The mysterious dark energy, which 
accounts for roughly 70 per cent of the 
universe, is the driving force behind 
why galaxies are moving away from us 
in an almost eternal expansion, which, 
according to experts, isn't showing any 
signs of slowing down. 

Permeating through every corner 
of space, scientists didn't even realise 
it existed until 1997. Two groups of 
astronomers had been competing 
against each other to measure the 
expansion rate of the universe by 
using the light of supernovas. As the 
universe expands, the light is stretched 
and reddened. Because certain types 
of supernovas - the explosions of 
merging white dwarf stars - detonate 
with practically identical energy and 
luminosity, they believed it would be 
possible to measure their ‘redshift’ 
and consequently the expansion of 
the universe. They expected it to be 
slowing down - instead it was found 
that it was actually speeding up! 

Nobody knows what dark energy 
is or even precisely how strong it is. It 
acts a bit like anti-gravity, pushing the 
universe apart. On the biggest scales 
it overcomes all of the other forces in 
the universe, including gravity, and 
that could prove to be bad news for 


Gravit 


In Star Wars, there was The Force - the 
mystical field that binds together all 
life. In the universe, however, there 
is another ‘force’ that binds together 
all matter, and that’s the somewhat 
mysterious force of gravity. That 
famous (and probably false) story of an 
apple falling on Isaac Newton's head 
was only the beginning of gravity’s 
remarkable story. 

What makes the planets round? 
Gravity. What keeps us from 
floating away? Gravity. What causes 
temperatures and pressures to grow so 
high in the core of the Sun that it can 
ignite nuclear fusion? Gravity. What 
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the universe. If dark energy was to 
become too powerful, it could tear the 
universe apart in a ‘big rip’, starting 
with galaxy clusters, then galaxies 
themselves, then stars, planets, us 
and even our constituent atoms until 
the fabric of space and time itself is 
destroyed completely. 

At best dark energy will accelerate 
the expansion of the universe so that 
every other galaxy is moved so far 
away from us that we will no longer 
be able to see them, but astronomers 
need not panic yet - this is not 
expected to happen for approximately 
another 2 trillion years. @ 





A ring of dark matter can be seen in this 
image of galaxy cluster CI 0024+17 


3. Dark energy wins @ ——— 


As the universe gets older, it 
Starts to expand further out. This 
means that the domination of 
dark energy increases. 


2. Dark energy ® 
starts to take over 
Around 5 billion years ago, 
the early universe was 
dark matter dominated. 


1. Dark matter @ 
vs dark energy 
As the gravity of 
dark matter tries 
to pull the universe 
together, dark 
energy tries to 
push it apart. 


9 billion yrs ago 


THE FORCE THAT BINDS 
THE UNIVERSE TOGETHER 


keeps the planets orbiting the Sun? 
Gravity. And so on. 

So, gravity is a big deal. Newton's 
laws of motion and his law of 
universal gravitation describe how 
gravity operates in everyday life. 
However, things can get a little strange 
when we start to talk about really 
massive objects, or things that are 
moving at close to the speed of light. 
This is where Einstein's general theory 
of relativity comes in, describing such 
concepts as gravitational time dilation, 
black holes and neutron stars with 
immense gravity, gravity wells in 
Space-time, and gravitational lenses 


where massive objects like galaxy 
clusters are able to bend and magnify 
the light of more distant objects. And 
when neutron stars merge, or black 
holes crash into each other, they 
unleash a torrent of ‘gravitational 
waves’ that ripple through space- 
time. Nobody has ever detected a 
gravitational wave (see our space 
mysteries feature on page 54) , but 
scientists are always on the lookout 
and hope to meet with some success 
in this area in the 

coming years. 

Oddly, for a force that is so important, 
gravity is quite weak on small scales. 


5 billion yrs ago 






















Present 


A bar magnet, for example, can 
overpower gravity, picking bits of 
metal up for fun. But on much larger 
scales gravity dominates, holding 
entire galaxy clusters together. It's 
only when it comes face to face with 
the ever-growing force of dark energy 
that gravity starts to become unstuck. 
Ultimately, the fate of the universe 
will be decided by the battle between 
gravity and dark energy: will dark 
energy rip the cosmos apart, or will 
gravity be strong enough in the long 
run to pull the universe back in a ‘big 
crunch’? The end of the universe may 
be decided by one of these theories. @ 
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SO BRIGHT THEY CAN 
BE SEEN FROM THE 


EDGE OF SPACE 


Quasars 


They might be distant, but packing 
a punch of high energy and 
indescribable luminosity are quasars 
- objects believed to be glowing 
strongly since their creation in the 
universe's early days. 

Usually found in the very centres of 
active galaxies, quasars are among the 
most powerful objects in the universe; 
with most throwing out a luminosity 
equivalent to around 2 trillion Suns, 
while others emit strongly as sources 
of radio emission and gamma rays. So 
what gives them so much power? 

In the nuclei of the galaxies they 
occupy, a supermassive black hole 
munches on the material from the 
disc of gas around it. This gas is then 
fed into the centre of the galaxy with 
the dazzling quasar light all coming 
from this million-degree hot disc and 
the jets of energy it unleashes. The 
jets form because the disc is a tangle 
of magnetic fields that become tightly 
wound as the disc rotates, trapping 
charged particles within them until 
they're fired out at almost the speed 
of light. It’s only when we look almost 
head-on at these jets that we see a 
quasar. Indeed, they are so bright 
and powerful they can be seen right 
across the known universe. @ 


® The Sun 
Since our Sun is so 
heavy, its gravity well 
is by far the deepest. 


MERCURY 


® Inner planet gravity 
Out of the terrestrial planets, Earth 
has the deepest gravity well. The 
deeper the well, the harder it is to 
escape the gravity of the planet. 


GANYMEDE 
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Powerful radiation 

The most luminous quasars radiate the equivalent of 
the output of around 2 trillion Suns. Radiation is emitted 
in the X-rays to the far-infrared, along with a peak in 

the ultraviolet-optical bands. Some quasars also shine 
strongly with radio emission and gamma rays. 


D)ie-]alm eel am olarsaaye 
Capable of emitting up 
to a thousand times the 
energy output of our 
entire galaxy, quasars, 
while incredibly distant, 
are the most luminous, 
powerful and energetic 
objects currently known. 





Accretion disc power 

Quasars are believed to be powered 
by the accretion of material into 
centralised supermassive black 
holes, some of these high-gravity 
objects have masses of over 1 million 
solar masses. 





An X-ray image of quasar 3C 273 and its 
jet. This quasar is the closest to Earth ata 
distance of almost 3 billion light years 


Outer planet gravity @ 
Out of Saturn, Uranus and 
Neptune the deepest gravity 
well is made by Saturn. 


® Jupiter's gravity well 
Because this gas giant is much more massive than each 
of the planets in our Solar System, it has the deepest 
gravitational well. In comparison, its moons have 
shallower dips which are quite easy to escape. 
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Gravity wells 
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THE POWER TO HARNESS A GALAXY 


Supermassive 
black holes 


around 4.3 million times the mass of 
our Sun, located deep in the middle of 
our galaxy amid myriad stars and vast 
clouds of gas and dust. So powerful 






wandering clouds of intergalactic gas. 
Yet as clouds fall on to galaxies, and as 
the galaxies merge with other galaxies, 
gas gets funnelled towards the black 


The ultimate consequence of gravity 
is a black hole. Imagine a region of 
Space where gravity has caused a 
star to collapse at the end of its life 


This coloured image snapped by 
the Chandra X-ray telescope shows 
the heart of our Milky Way Galaxy 


to a point so small and dense that 

its gravity is practically infinite and 
completely overwhelms everything 
else. It's so strong that not even light 
can escape its grasp - the point of no 
return is known as the event horizon 
- explaining where the name black 
hole came from. And black holes don't 
come any more massive than a hefty 
supermassive black hole. With a mass 


are these galaxies that they have the 
strength to switch star formation in a 
galaxy on and off at will. 

Think back to quasars - these 
are the most extreme form of 
active supermassive black hole. But 
less energetic black holes can still 
produce lower power jets, yet even 
though they're lower power, they still 
dominate the galaxy that they are in. 





hole, ending up in a disc surrounding 
it, some of which is then beamed back 
out into the galaxy by jets, or ‘winds’, 
of stellar radiation. 

These jets and radiation heat the 
gas that is creating stars, causing it 
to become too hot for star formation 
and sometimes even blowing right 
out of the galaxy itself. This is called 
feedback, and when it happens it 


Stars need gas to form, and the gas in 
galaxies often falls on to them from 


“Sagittarius A* is a monster of 
around 4.3 million times the 
mass of our Sun” 


brings star formation in a galaxy toa 
stuttering halt. @ 


ranging anywhere from hundreds 
of thousands to billions of times the 
mass of the Sun, these exotic high- 
al gravity objects are, more often than 
This distant galaxy ares i a eee - a nie 
galaxies that litter our universe. Our 


quasar, a supermassive black h 
encircled by a torus of gas and dust own Milky Way even has one, called 
- Sagittarius A*, which is a monster of 










3. Accumulation 
Intermediate black holes then 
grow further by attracting and 
consuming surrounding gas. 


Pee bar) mal atem creas 

These black holes then sink to the 
core of the cluster, where they merge 
to become intermediate black holes. 


1. Star cluster 

One idea is that as massive stars in 

a star cluster explode, they leave 
behind numerous smaller black holes 
with masses similar to stars. 
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Primordial Collapse oe THEORY 1 
cloud 


Another theory is that a primordial 
cloud of hydrogen gas collapses 
directly into a black hole. 
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Growing up 
Supermassive black holes have masses millions or even 
billions of times the mass of our Sun, and are formed by 
the merger of smaller black holes and the consumption 
of gas. But how were those smaller black holes formed? 


The collapse may be triggered 


by the shock waves of a nearby The resulting medium-mass black hole then 
supernova or the passing by of begins to gobble up gas around it as it rapidly 
another gas cloud. grows into a supermassive black hole. 


40 www.spaceanswers.com 








: «> 

>. 

a F 
+’ a 
= /*> 
— ) 
J 
- ae 


The supermassive | So 
black hole Sap 
heart of the © 
Milky Way 











nee hole el Pet are 

aUneae) Nera) Ure DOr acell | co-mee teh 

is currently thought,to be either a sates oar eatye 
* neutron star or a black hole. 2h 


www.spaceanswers.com . ; £ 


ne 


Py 





“for 250 light-years of. 

MIL Way’ S ate 
Vale is located 
- 26,000 light years sige) 


t-Tal a= 


Most powerful forces in the universe 


A rapidly growing supermassive 
black hole rests at the centre of 
one of the nearest and brightest 
galaxies to Earth - NGC 1068 








" Infrared and X-ray ° 
Data is from the Hubble Space Telescope 
(yellow), infrared data from the Spitzer Space 
» Telescope (red) and X-ray data.from the 
“Chandra X-ray Observatory (blue and violet). 


Sagittarius A* , 
The supermassive black hole that 
rests at the centre of the galaxy 
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of Sagittarius. 


times the mass of our Sun. 
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THE ENERGY OF A THOUSAND SUNS 


Gamma ray bursts 


Gamma-ray bursts (GRBs) signal the 
biggest explosions in the universe. 
They were discovered in 1973, after 


analysis of data from the Vela satellites, 


which the USA launched to try to 
detect Soviet nuclear tests in space. 
Instead, they found ferocious bursts 
of gamma rays from outer space. It 
took almost 25 years to figure out 
what they were. Scientists call them 
‘collapsars’. When the most massive 


stars of all reach the end of their lives, 


they can no longer hold back gravity 


eer 
bursts 


and their core collapses into a black 
hole. Gas from some of the layers 
surrounding the core rain down on to 
it and, just like how the black holes in 
quasars produce jets, so do the black 
holes inside the collapsing star. All of 
this happens in merely a fraction of a 
second, and the jets blast out through 
the star's outer layers at close to the 
speed of light, as the star explodes. 
But this isn’t what creates the 
gamma rays. The jets are formed from 
highly entwined magnetic fields, and 


when charged particles like electrons 
and protons spiral around magnetic 
fields like this, they produce gamma 
rays, and it’s these gamma rays that 
we see as a burst. As for their power, 
there's nothing else like them in 

the known universe, releasing the 
equivalent amount of energy that a 
thousand Sun-like stars will release 
over their entire lifetimes! If a GRB's 
energy could be harnessed on Earth, 
it would meet the world's energy 
demands for billions of years. @ 





A selection of images of galaxies 
that host long-duration gamma-ray 
bursts as taken by the Hubble 
Space Telescope 





1. Fusion 

Stars generate energy 
through nuclear fusion. In 
massive stars it is via the 
CNO - carbon, nitrogen, 
oxygen - cycle, which 
acts as catalysts for fusion 


involving hydrogen atoms. 
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2. Onion layers 
Nuclear fusion of 


hydrogen creates helium. 


Temperatures grow so 
high that the helium 
begins to fuse to create 
oxygen, then nitrogen, 


carbon, silicon and so on. 


3. Living fast 

Massive stars struggle to 
Stay aloft against the pull 
of gravity, so they have to 
generate a lot of energy, 
which uses up their vast 
stores of gas in just a few 
million years. 


4. Iron star 

Massive stars end up 
with cores of iron, which 
cannot undergo further 
nuclear fusion without 
putting in more energy 
than it produces. Fusion 
ceases in the star's core. 


5. Collapse 

As the massive star 
reaches the end of its life 
and is unable to generate 
any more energy, the 
core of the star begins 

to collapse in on itself to 
form a black hole. 


6. Jets 

Gas inside the star swirls 
around the black hole and 
forms powerful jets that 
destroy it in a hypernova. 
Charged particles spiralling 
around the magnetic jets 
produce gamma rays. 
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no ordinary type of exploding Star; 
_ instead we call them hypernovas, Tare 
- they make normal supernovas look 
like a mere pop in comparison. 
~ Hypernovas can be 20 times more - 
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' extreme examples are completely 


annihilated without even leaving a 
black hole behind. These are known 
as ‘pair instability’ supernovas eiale| 
happen when electrons and their anti- 
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luminous and up to 50 times more particles - or positrons - are formed 
> ehergetic than.a normal supernova. rca masse by collisions between 
_ It's not entirely clear why hypernovas: — energetic gamma rays and ‘atoms 
are different to normal supernovas, inside the dying star. 
but mass undoubtedly has something’ Not only does this lead to reduced 
to do with it: some stars like Eta | pressure inside the supermassive 
Carinae have masses around 100 star, which then-prevents the eo) ( 
times that of our Sun, while other of the star from fully collapsing to 
stars that explode as supernovas create a black hole, but eteia ee laCae 
. may have only a dozen solar masses. _and antimatter come into contact 
In addition, massive stars that have with RCo NMele MTOM UNTMIE NAN 
- been deprived of heavy elements - _ create what's known as a runaway. 
- elements heavier than hydrogen or _ thermonuclear explosion that utterly’ - 
helium - have a tendency to os : destroys the star, without leaving a 
as hypernovas. ‘black hole remnant behind. @. 


When matter and 
antimatter collide they 
create an explosion 
that can completely 
destroy the star. 








© 1. A balancing act 
Outward radiation 
ae _ pressure balances the 


inward gravitational force 
and the massive star is 
prevented from collapsing. 





4. Sweating | 
under pressure 
The collapse has 
started and the 
compressed core has 
reached swelteringly 
high temperatures. 
AM aUl are Caner led (e)e 
ensues, creating 
heavy metals such | 
as nickel and iron. 





) 3. Gravity vs 
OCU t 
Bene 
star's outer layers 
collapse inwards 
under gravity 
as the outward 
radiation pressure 
decreases. 





©) 2. Matter and antimatter A 
Getting in close to the star's super-heated core at the 
point when electron-positron matter-antimatter pairs 

' form, instead of the gamma rays formed in cooler, 
less massive stars. Here we find that the outwards 
- radiation pressure is considerably less than the 
_ gravitational force inwards and the star collapses. 
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Inside the Lunar lander 
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Lunar lander 


The Lunar Module was the first manned spacecraft 
S]OLaceli ere l I hyal OUNNIemCome(—)IhVcmaelsemconeslomlylelen! 


This two-stage spacecraft was built by 
the Grumman Aircraft Engineering 
Corporation to ferry two astronauts 
and scientific equipment to the 
surface of the Moon. The 6.7-metre 
(22-foot) tall craft had an aluminium 
frame with titanium fittings and was 
covered with layers of aluminised 
Kapton and aluminised Mylar to 
provide thermal protection against 
micrometeoroids. 

The Apollo Command Module 
carried it into lunar orbit, and two of 
the three crew transferred to it and 
used the descent engine to land on 
the Moon. After deploying scientific 
experiments and collecting samples, 
the ascent stage blasted off using the 
descent stage as a launching pad. 
Back in lunar orbit, it docked with 
the Command Module, and once the 
astronauts were back on board the 


ee 


ascent stage was jettisoned. 

Before the Lunar Module (LM) 
could be used for the Moon landing 
mission it went through a rigorous 
programme of development and 
testing. In 1962, the first designs 
envisaged a squat vehicle with large 
windows but by 1965 it evolved 
into a lighter and taller, triangular- 
windowed craft. 

The Apollo 5 mission was the first 
test flight of the LM-1 on 22 January 
1968. A Saturn 1B rocket put the 
unmanned craft into Earth orbit 
where the descent and ascent rocket 
engines were tested to simulate a 
mission abort and a deceleration burn 
required for a lunar landing. 

The mission was deemed so 
successful that a further test mission 
with LM-2 was abandoned. Apollo 9 
became the first manned mission for 


LM-3 (‘Spider’), which was launched 
into Earth orbit on 3 March 1969. 
Commanded by James McDivitt, the 
systems of the LM were tested and it 
performed docking manoeuvres with 
the Command Module. 

LM-4 ‘Snoopy’ was the first LM 
to be tested in lunar orbit, and its 
closest approach took it within 15.6 
kilometres (9.7 miles) of the Moon 
before it returned to the Command 
Module. This dress rehearsal in May 
1969 went perfectly but the LM was 
a test version that was too heavy to 
launch itself off the lunar surface. 

Finally, Apollo 11's LM-5 ‘Eagle’ took 
Neil Armstrong and Buzz Aldrin to 
the Moon on 20 July 1969. However, 
it was not a straightforward landing 
as the astronauts had to override 
their craft's computer otherwise they 
would have landed in an unplanned 


The Lunar Module 
‘Falcon’ from the Apollo 
15 mission in 1971 





rocky area. Apollo 12's LM-6 ‘Intrepid’ 
in November 1969 also made a 
successful landing on the Moon. 

Despite the odd glitch, the Moon 
missions ran successfully until the 
Apollo 13 mission. At a distance of 
around 320,000 kilometres (200,000 
nautical miles) from Earth an oxygen 
tank in the Command Service Module 
exploded, and it immediately became 
a mission to safely return to Earth 
rather than a trip to the Moon. For 
four days the crew took refuge in the 
LM-7 ‘Aquarius’ until they could use 
the Command Module to re-enter the 
Earth’s atmosphere. 

From Apollo 12 to Apollo 14, which 
used LM-8 ‘Antares’ to land on the 
Moon in February 1971, H-series 
precision Landing Modules were used 
that could sustain two-day long stays 
on the Moon. LM-9 a H-series module 
was scheduled for the Apollo 15, but 
it was replaced with the improved J 
module series that carried the Lunar 
Roving Vehicle. J-series modules 
continued to be used up to the last 
Apollo 17 mission in December 1972. 

In the late-Sixties, there were 
plans for an LM Truck that would 
replace the manned ascent stage of 
the LM with a cargo-carrying stage. 
This would be capable of delivering 
5,000 kilograms (11,000 pounds) of 
equipment and supplies to support 
manned Lunar activities. 

It is remarkable that after more 
than 40 years this is the only manned 
vehicle to land on the Moon. @ 
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Ascent stage 

This 2.8m (9.2ft) high and 
4.0m x 4.3m (13.2ft x 14.1ft) 
wide, irregular-shaped stage 
is mounted on top of the 
descent stage. It carries the 
astronauts to and from the 
surface of the Moon. 
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Inside the 
Apollo lander 





Antenna @ 

The parabolic S-band steerable 
antenna provides a voice 

and data communications 

link with the Manned Space 
Flight Network. The parabolic 
rendezvous radar antenna is 
used when docking with the 
Apollo Command Module. 


® Fuel tanks 
An oxidiser (nitrogen tetroxide) 
tank and fuel (aerozine 50) tank 
power the ascent engine. 





® Reaction control 

thruster assembly 

Four clusters of thrusters can 
be individually fired for a few 
milliseconds to make fine 
attitude corrections, or longer 
than 1 second for 100 pounds 
(445 newtons) of steady thrust. 


Crew compartment 

The pressurised compartment 
has a volume of 6.7m? 
(235ft?); just big enough to 
house two astronauts. 

































Descent stage 

The lower stage of the 
spacecraft has an octagonal 
prism shape, 3.9m (12.8ft) 
across and 2.6m (8.6ft) tall. 





® Ascent engine 

Produces 3,500Ib (16kN) of fixed 
thrust to launch the ascent stage 
off the descent stage, and enables 
it to rendezvous with the Apollo 
Command Module. 





® Storage 
compartments 
Egress platform © A quadrant of 
This allows the compartments 


contain lunar surface 
experiments, 

spare batteries 

and equipment. 

On the Apollo 15, 

16 and 17 missions, 
the Quadrant 1 bay 
carried the Lunar 
Roving Vehicle. 


astronauts to crawl out 
of the ascent module 
before descending the 
ladder attached to one 
of the landing legs. 


Landing legs @ 
The four legs 
have large 
landing pads, 
and hold the 
Lunar Module 
1.5m (4.9ft) 
above the 
lunar surface. 





Fueltanks @ < = — ® Descent engine 
Two fuel (aerozine 50) tanks Can be gimballed, and throttled between 
and two oxidiser (nitrogen 10,125|b (45.04kN) and 1,050Ib (4.7kKN) of thrust 
tetroxide) tanks power the to enable the craft to descend from lunar orbit, 
descent engine. hover and land on the lunar surface. 
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‘The spdce phenomenom that's two types of Salaxy at once foe 


Located approximately 28 million light years from 
Earth, this odd-shaped galaxy has been the focus 
of much attention from scientists around the world. 
The Sombrero Galaxy, or Messier 104, gets its name 
from its somewhat hat-like appearance. The bright 
galaxy is found towards the southern edge of the 
Virgo cluster of galaxies. 

The Sombrero Galaxy contains about 2,000 
globular clusters, collections of up to a million old 
stars held together by gravity that are often found in 
the halo of galaxies. By comparison, our Milky Way 
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only has-about 200. The Sombrero also contains 
several hundred billion stars and is approximately 
50,000 light years across, around half the diameter 
of the Milky Way. 

* Around the brim of the galaxy are thick dust 
lanes that block the.light at the centre, while the. 
central bulge is made of old stars. Although the disc 
might be thin, the bulge, containing a black hole 
billions of times more massive than the Sun, can be 
seen extending tofotaa rele) Vom: Vale Moya (oy nmaa cme Ib eyare| 
this image from NASA's Hubble Space Telescope. 


* 





One of the most italcacecianeem deters about the 
Sombrero Galaxy is that it seems to have a split 


‘ personality. Most galaxies we know of are either 


spherical clusters of stars or slender discs, but the 
Sombrero appears to be both. Observations by 
NASA's Spitzer Space Telescope suggest that it is a 
round elliptical galaxy with a flat disc inside. The 
cause of this unique structure is unknown, although 
it’s possible the Sombrero Galaxy was inundated 
with gas over 9 billion years ago, forming this 
FYoleblueyerVMeslOecIE Dem senem | 
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The Sombrero Galaxy 
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Written by Shanna Freeman 


~~ Some people are still unhappy about Pluto's 
demotion to a dwarf planet, but it’s in good 
company - there are some fascinating 

celestial bodies in this category 
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What makes a planet a planet? We've 
been debating this almost since 
planets were discovered. In 2006, 
the International Astronomical Union 
came up with the first-ever scientific 
definition of a planet. With that 
came a new classification for these 
heavenly bodies that weren't quite 
planets, but were more than just 
asteroids. While this resulted in the 
demotion of Pluto - previously our 
ninth planet - it also meant that there 
was a whole new group of objects to 
discuss: dwarf planets. Before this 
definition, we'd found objects that 
were bigger than Pluto and had many 
of its characteristics. So astronomers 
reasoned that if Pluto was a planet, 
then they would have to be considered 
planets, too - or we'd have to come up 
with a new definition. NASA planetary 
scientist Alan Stern coined the term 
‘dwarf planet’ in 1990, but these 
smaller bodies were also called things 
like planetoids or sub-planets. 

What makes a celestial body a 
dwarf planet may differ depending 
on which astronomer or planetary 
scientist you ask. According to the IAU, 
a dwarf planet is a celestial body that 
orbits around the Sun and has enough 
mass to keep its shape spheroid 
(maintaining hydrostatic equilibrium) 
but hasn't “cleared the neighbourhood 
of its orbit.” This means that planets 
have to be the dominant body in its 
orbit and there are no other bodies 
near it that are close in size (except for 
a Satellite). Dwarf planets don't do that, 
and a dwarf planet can't be a satellite 
of another planet, either. Everything 
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else, except for satellites, is considered 
a small Solar System body. This 
includes most asteroids, comets, and 
most trans-Neptunian objects - objects 
that orbit the Sun at a distance further 
than the planet Neptune. 

Currently there are five dwarf 
planets: Ceres, Pluto, Haumea, 
Makemake and Eris. We have only 
observed Ceres and Pluto and know 
with certainty that they fit the [AU 
definition. Eris was added because 
its discovery in 2005 showed that it 
was more massive than Pluto (since 
then, we've found that it may be about 
the same size as Pluto) and some 
astronomers and planetary scientists 
wanted to deem it the tenth planet 
because of that. Ceres was discovered 
before any other dwarf planets, in 
1801. It's an asteroid and the only 
dwarf planet that lies in the inner 
Solar System, located in the asteroid 
belt between Mars and Jupiter. It's 
been known by many terms since 
its discovery, including planet and 
asteroid. It’s now considered both 
the largest known asteroid and the 
smallest dwarf planet. The other dwarf 
planets are located in the Kuiper 
belt, an area of the Solar System that 
stretches from the orbit of Neptune to 
about 7.5 billion kilometres (4.7 billion 
miles) from the Sun. 

Soon after the IAU defined dwarf 
planets, it expanded the definition. 
Now any unnamed trans-Neptunian 
object with an absolute magnitude, or 
brightness, greater than +1 (meaning 
that they likely have a diameter greater 
than 838 kilometres or 521 miles) is 


assumed to be a dwarf planet. For 
reference, Pluto's absolute magnitude 
is -O.7. That's how Haumea and 
Makemake came to be considered 
dwarf planets. 

Although there are just five 
confirmed dwarf planets, there are 
likely many, many more. Mike Brown, 
professor of Planetary Astronomy at 
the California Institute of Technology, 
keeps an updated list that includes 
“eight objects that are nearly certainly 
dwarf planets, 30 objects that are 
highly likely to be dwarf planets, 60 
objects that are likely to be dwarf 
planets, 103 objects which are probably 
dwarf planets, and 394 objects which 
are possibly dwarf planets.” Not all 
scientists agree with Brown, but they 


do generally agree that there are at 
least 100 and possibly up to 200 dwarf 
planets. Most of these lie in the Kuiper 
belt. If we go beyond that, there could 
be thousands of objects that meet the 
standard for dwarf planets. 
Incidentally, Alan Stern didn't 
agree with the dwarf planet definition 
mandated by the IAU. Neither did a 
lot of other astronomers and planetary 
scientists. The vote took place on the 
last day of a conference and included 
just 424 astronomers, out of about 
10,000 IAU members. Stern also 
argues that there are planets that 
haven't “cleared the neighbourhood 
of its orbit,” including Earth, which 
has thousands of near-Earth asteroids 
orbiting along with it. @ 


This image shows Eris with its satellite, Dysnomia. Eris's 
discovery in 2005 spurred the debate about what made a planet 
a planet, since it was believed to be larger than Pluto 
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Nearly all dwarf planets lie in the Kuiper belt, which stretches between 4.5 billion km (2.5 
illion miles) and 75 billion km (47 billion miles) from the Sun 
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Mars 142 


Ceres 257 
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Saturn 888 
Uranus 1,784 
Neptune 2,799 





All tg = million miles from Sun 


Pluto 3,650 
Haumea 4,000 
Makemake 4,200 « 
Eris 6,300 


Dwarf planets @ 


There are currently five confirmed dwarf 
planets. Most reside in the Kuiper belt, 
however, Ceres is found in the asteroid belt. 


www.spaceanswers.com 



















Rees ¢ 
ee eee Rae 
« and one of the most distant \ 
objects in the Solar System ) bee 
at 10.1 billion kilometres (6.3 
ela anT =) BUCO =| 
; Y , aoe Pam <0 eel 
7 E This region extends from the 
orbit of Neptune to.7.5 billion 
a kilometres (4.7 billion miles) ~ 
: , CoRR NOM MELO Lee 
el | a . ct a four of the five dwarf planets. 
ees Bo) ) ; 
ue a — & | One of the larger objects in . 
ke . ose c fics the Kuiper belt, Makemake. ; 
| is 6.7 billion kilometres (4.2 
: Ter d billion miles) from the Sun and _- . , ‘ 
Sell , oe re . to he was discovered in 2005.” . . * r 
: i. , a e4 | ners . sla ; ? *. 
5 ee NN, Oe SG . 
| AW as | Ae: 
This largest asteroid is *. = 
A located in the asteroid belt, : * 
aY=1 ANY =X-10 Lene 9) ° : 
5 It was discovered in-1801. 
. “ rd ce 
3. Pluto @ = = 
» Located in the Kuiper belt, : 
Pluto has a highly elliptical orbit . , 
My OM eek ROMY a me 
MA MUO =e leap | ; 
. = " . 
rT ° o Pri ieee yt hig Fr } , 
There are just five confirmed .  — ataumeae 
dwarf planets, but between © © ss7eredin2004. Haumea's | of 
ny d 3 d r 6.4 billion kilometres (4 billion - * 
100 al 200 , fal aes ie ; TSO Me ect ao 
sta aS rae cou eXI1S ellipsoid instead of being round. ~* . x : 2 
* Www.spaceanswers.com ~_ . : i . se Be : . ° . 51 . Pf 
~ - : = : - = ; iz 







7 


All About Dwarf Planets 


Dwart planets 4 
inside and out 4 = 


Each dwart planet is different, but they do have two 
things in common: arocky core and icy mantle 


The definition of a dwarf planet doesn't include 
anything about their structure, but from what we 
know they do seem to have a lot of similarities. Aside 
from former planet Pluto, we know the most about 
Ceres. Ceres is the largest asteroid in the asteroid belt 
between Mars and Jupiter. Some believe that it has a 
100-kilometre (62-mile) thick water-ice mantle atop a 
rocky core. If this is true, then Ceres could have more 
fresh water than Earth. There could also be a layer of 
liquid water underneath. 

Ceres’s crust is likely to be a thin, dusty layer of 
carbonate and clay minerals, similar in many ways 
to other asteroids. The Hubble Space Telescope, as 
well as the Keck Observatory Telescope on Earth, 
have shown the presence of features such as craters, 
but that’s about all we know of the surface. If Ceres 
has an atmosphere, it’s a weak one, with water frost. 
Surface temperatures are estimated at -38°C (-36°F). 
Because of the presence of so much water ice, some 
scientists speculate that Ceres is a good candidate for 
extraterrestrial life. 

Unlike Ceres, Haumea is thought to be made up 
of solid rock, with a thin layer of crystalline ice. 

This isn't typical of objects in the Kuiper belt, which 
are more likely to have a thicker mantle of ice. But 
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Haumea also has two small moons, Namaka and 
Hi'iaka, so the collision that possibly created the 
whole system may have removed most of its ice. The 
ice layer makes it appear bright white - Haumea is 
the third brightest object in the Kuiper belt behind 
Pluto and Makemake. 

Despite that brightness, we have less information 
on Makemake’s structure. It does likely have the 
rocky core and icy mantle, and its reddish colour 
indicates the presence of methane. 

Eris is probably about the same size as Pluto, 
but its size doesn’t mean that we know a great deal 
about its make-up. It’s around twice as far from the 
Sun than Pluto, so getting details has been difficult. 


Speculation is that it’s similar to Pluto in composition, 


again with a rocky core, icy mantle and gases, such 
as methane, on the surface. @ 


“Ceres is the largest 
asteroid in the belt 
between Mars 

and Jupiter” 


distant known objects in the Solar System, is believed to 


have a surface covered in methane ice and water ice 
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f The 
structure 
of Ceres 


Core 
The dwarf planet's rocky 
core may make up about half 
of its volume. 


® Mantle 
Ceres's water ice mantle may 
be up to 100 kilometres (62 
miles) thick. 


s ” Crust 
a The thin, dusty crust of Ceres 


resembles that of other 
asteroids, although with more 
hydrated minerals. 
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The Kuiper belt 


The Kuiper belt is a region of objects located 
beyond the orbit of Neptune at about 4.5 billion 
km (2.8 billion miles) to about 7.5 billion km (4.7 
billion miles) from the Sun. Like the asteroid 
belt, the Kuiper belt contains objects leftover 
from the formation of the Sun. But the Kuiper 
belt is much larger than the asteroid belt. 

It was discovered in 1992, after years of 
speculation by astronomers about the existence 
of trans-Neptunian objects. The name ‘Kuiper 
belt’ comes from astronomer Gerard Kuiper, 
who oddly enough did not believe that there 
was a belt of objects located beyond Neptune's 
orbit. He believed that objects leftover from the 
Sun's formation likely went out towards the 
Oort cloud - a hypothetical cloud of tiny objects 
located almost a light year from the Sun - or 
even out of the Solar System entirely. In Kuiper's 
time, however, Pluto was believed to be about 
the size of Earth. 

There are more than 1,000 known objects in 
the Kuiper belt, and as many as 100,000 may 
exist. They are called Kuiper belt objects or 
KBOs. The belt's proximity to Neptune affects 
many of the objects, causing orbital resonances. 
This means that one object’s gravity affects the 
other in a regular, periodic way. In some cases, 
it's amean motion resonance, or an exact ratio. 
For example, about 200 objects in the belt are 
in a 2:3 resonance with Neptune. They orbit the 
Sun twice for every three Neptunian orbits. This 
group includes Pluto and its satellites. Eris may 
be in a 17:5 resonance, while Haumea is believed 
to be in a 12:7 orbital resonance with Neptune. 

A section called the classical Kuiper belt 
lies between the 1:2 and 2:3 resonances. Here 
Neptune's gravity does not exert enough of an 
influence on the KBOs to create resonances. The 
classical Kuiper belt comprises about 67 per cent 
of all known KBOs. Objects here are sometimes 
called cubewanos, after the latter half of the 
name for the first trans-Neptunian object found 
after Pluto and Charon: (15760) 1992 QBI. The 
dwarf planet Makemake is a cubewano. 
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How big is a 
dwart planet 


Measuring a dwarf planet is more 
complicated than it seems 


As the name ‘dwarf planet’ indicates, size has a lot 
to do with the designation. To be a dwarf planet and 
not an asteroid or other small Solar System body, an 
object has to be big enough to have sufficient gravity 
to pull the object into a stable spheroid (Haumea, 
with its ellipsoid shape, is an exception because it’s 
considered stable). This can't be defined by a specific 
measurement, because it varies depending on both 
the object’s composition and its history. For example, 
astronomer Mike Brown believes that rockier 
bodies reach hydrostatic equilibrium at about 900 
kilometres (559 miles) and icier ones, between 200 
and 400 kilometres (124 and 249 miles). 
Compounding the issue is the fact that it can be 
difficult to measure the size of distant objects. We 
estimate sizes of Solar System objects by measuring 
their absolute magnitude (brightness), as well as 
their albedo (reflectivity). Absolute magnitude allows 
astronomers to measure the brightness of Solar 
System objects as if they were all the same distance 





An artists impression of the icy objects that 
make up the Kuiper belt 


from the Sun and the Earth and at the same angle. A considered to be roughly the same diameter. Eris 
negative absolute magnitude indicates a bright object, is the more massive of the two, with a mass about 
while positive numbers indicate dimmer objects. 0.27 per cent that of the Earth's mass. It also has 
Albedo is a ratio of reflected sunlight, so an albedo an albedo of 0.96, one of the highest in the Solar 

of 1 would be a perfect reflection of a white surface System, and an absolute magnitude of -1.19. 

and zero would be no reflection of a perfectly dark When it comes to dwarf planet candidates, there 
surface. The presence of satellites or other objects is some controversy. Since the IAU has decreed that 
around it also helps determine an object’s mass. Yet a dwarf planet must have an absolute magnitude 
all of the measurements are estimates, with varying brighter than +1, which potentially rules out some 
margins of error. otherwise good candidates if you consider Mike 


Brown's list of possible dwarf planets. For example, 


“Tt Cdfhl be difficult CO dwarf planet candidate Sedna has an absolute 


magnitude of 1.8 and the latest measurements 


InedSule the SIZe of estimate a diameter of 995 kilometres (618 miles), 


give or take about 80 kilometres (50 miles). This is 


distant Ob} ects’ large enough to be spherical. The largest estimated 


unnamed object in the Solar System is a trans- 


Initially the IAU did not establish limits for dwarf Neptunian object currently named 2007 ORIO. It 
planet size. Later, it clarified that dwarf planets must has a very reddish surface and an estimated absolute 
have an absolute magnitude brighter than +1. This magnitude of 2, but a diameter between 1,070 and 
means that its diameter will be greater than 838 1490 kilometres (665 and 926 miles). The object is 
kilometres (521 miles), assuming an albedo greater just too far away to get a better measurement and to 
than or equal to 1. be sure of hydrostatic equilibrium. 

Estimates of Pluto's diameter have varied by as So, although there are just five officially confirmed 
much as 70 kilometres (44 miles) depending on the dwarf planets currently, many astronomers and 
instrument used and the haze in its atmosphere. planetary scientists agree that in reality far more 
When Eris was discovered, its diameter was objects should probably be classified as more than 
estimated to be 2,397 kilometres (1,500 miles) - just KBOs. It's likely a matter of getting better 
making it larger than Pluto. Later it was revised, and measurements of the candidates as well as the IAU 
given the margins of error, these dwarf planets are making some more changes. @ 
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Dwarf | 
planets in 
numbers 


Fascinating facts and figures 
about trans-Neptunian objects 


L200 


The approximate number of objects on 
the IAU Minor Planet Center's list of 
trans-Neptunian objects 


ZOO 


The number of TNOs 
that have orbits 
established enough 
to be given a muinor- 
Dlanet designation 








Types of 
TNOs: Kuiper 
belt objects 
(including 
Classical Kuiper 


belt obj ects The number of years it took, 
and resonate following the discovery of 
objye cts) and the — Pluto, to discover the next 
scattered disc trans-Neptunian object - 
objects (15760) 1992 QB1 


995km 


The diameter of the largest 
known TNO, Sedna 


O 








The inclination of 2008 KV42 a TINO that ts 
nearly perpendicular to the plane of the ecliptic 
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Dp @ 2 
This image of the dwarf planet Makemake was 
taken by the Hubble Space Telescope 


NASA's New Horizons spacecraft 
C will attempt to learn more about 
the Kuiper belt and its objects 


The New Horizons spacecraft was launched by has to do with the amount of sunlight that Pluto and 

NASA in January 2006 and is currently a little over Charon receive - NASA wants to reach it while most 

two years away from approaching Pluto, with an of the planet is in sunlight and before it becomes 

estimated arrival date of July 2015. The probe is on more difficult to take photos. 

a mission to be the first to visit Pluto as well as its New Horizons will pass within 10,000 kilometres 

moons, Charon, Nix, Hydra, S/2011 P 1, and S/2012 P (6,200 miles) of Pluto and 27,000 kilometres 

1. Afterwards, New Horizons will attempt to explore (17000 miles) from Charon. It will provide the best 

other objects in the Kuiper belt, but those objects are photographs yet of both, and also take detailed 

yet to be determined. measurements of Pluto's surface and atmosphere. The Hubble Space Telescope’s Advanced Camera 
The spacecraft has been dubbed “the fastest This part of the mission will take about 24 hours, or for Surveys is the only instrument capable of 

spacecraft ever launched,” and scientists were in a full Earth day. Afterwards, New Horizons will visit a imaging this possible dwarf planet 

a hurry to get it to Pluto as soon as possible for a KBO, one that is 50 to 100 kilometres (30 to 60 miles) 

reason. Pluto has been steadily moving away from across. It will map the object, look for an atmosphere 

the Sun, and its atmosphere will eventually freeze. and take photographs and other measurements. The 

The sooner we can get to the dwarf planet, the better KBO part of the mission is expected to take place 

we'll be able to study its atmosphere. The rush also between 2016 and 2020. @ 












The Hubble Telescope 


The Hubble Space Telescope was first 
placed into low-Earth orbit in 1990, 
and makes observations in near- 
infrared, near-ultraviolet and visible 
light. It has proven itself invaluable, 
leading to dramatic discoveries in thle, 
TiC @Meya-siacovnleyeanaeveleRelae eye. 
The HST has provided us with the 
most detailed images of Pluto and 
its moon Charon, and has also been 
used to discover four additional 
moons around the dwarf planet. 

It revealed the spheroid shape of 
Ceres and helped show its rocky, 
icy surface. Along with the Keck 
Observatory telescope, the HST was 
used to measure the diameter and 
mass of Eris. Without the Hubble 
Space Telescope, we might not have 
the group of dwarf planets that we 
have today. 





These images of Ceres show changes in its surface 
colours over the course of a nine-hour period 


The Hubble Space Telescope begins to 
separate from the Discovery Space Shuttle 


following its second servicing mission in 1997 ; J , 
8 8 Sedna, a potential dwarf planet, is seen here in an 


image from the Hubble Space Telescope 
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6. Pluto Energetic Particle Spectrometer 
Science Investigation (PEPSSI) 
















from the Plutonian atmosphere. 
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This instrument measures the ions that escape Wb Te 
@ 

Profile 


5. Solar Wind Around Pluto (SWAP) New Horizons 
* This system of spectrometers measures the Mission dates: 2006-2026 
amount of atmosphere escaping into space Goals: In designing New Horizons, 
° and observes solar wind. NASA chose instruments to help 
. 7 explore Pluto. It hopes to learn 
i" more about the dwarf planet's 
i , : , atmospheric composition and 
, ‘ behaviour, and how solar wind 


rn , . ' interacts with the atmosphere. It’s 


hoped that we'll learn more 


about the surface features on Pluto 
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Scientists work on the 


Students built and will ope PEPSSI instrument 


designed to measure space 
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2. Alice 

An ultraviolet light 
spectrometer, Alice will 
analyse and measure the 
atmosphere around Pluto, 
Charon and potentially 
other objects. 
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FutureTech The ARES Mars aeroplane 


The ARES 
Mars aeroplane 


The unmanned ARES aircraft will send high-resolution 
data about the chemistry and composition of Mars’ surface, 
atmosphere and climate directly back to Earth 





__ Mass spectrometer 
_ The nose-mounted mass Three in-line thru 
spectrometer analyses 
the composition and 
chemical makeup of 
atoms and molecules in 
the Martian atmosphere. 














The Aerial Regional-scale 
Environmental Survey (ARES) is a 
NASA project to explore the Southern 
Highlands of Mars. The main 
component of the mission is the ARES 
Mars aeroplane that will be folded in 
an entry aeroshell, and launched by 
an Atlas V or Delta II-2925(H) rocket. 
After the flight to Mars, the 
Ted COKIN Cod Ma SUN cKo) oye Decl Come NB MO ALS 
carrier spacecraft and enter the 
Martian atmosphere at a speed of 
12,600 kilometres per hour (7,800 
miles per hour). After entry, the main 
parachute will be deployed and the 
heatshield will be released from the 
aeroshell. The plane will be released 
from the aeroshell and as it descends 
beneath a drogue parachute, its tail 
assembly folds out followed by the 
wings. The drogue parachute is then 
released and the aeroplane begins its 
flight over the surface. The aircraft 
will fly for ten hours and will send its 
data to Earth via the carrier spacecraft 
orbiting overhead and to the Mars 
Reconnaissance Orbiter that has been 
orbiting Mars since March 2006. 
Since the Martian atmosphere 
is about one per cent as dense as 
Earth’s atmosphere the aeroplane 
will be operating at the equivalent 
of 30.4 kilometres (18.9 miles) above 
Earth. That means it needs to have a 
large area of wing for maximum lift. 


oye. 


Se 


To make sure this design is viable, 
wind tunnel tests were carried out at 
NASA's Langley Research Center. 

It is not feasible to remotely control 
the aeroplane from Earth because 
of a time lag of 15 to 30 minutes. 
Instead, the aircraft will follow a pre- 
programmed flight path, which can 
be altered during the mission. 

Instruments on the spacecraft 
will study the surface, atmosphere 
and climate of Mars. It will give 
the opportunity to obtain scientific 
information that is not as close-up 
and detailed as Martian landers 
and rovers, and will be twice the 
resolution of orbiters like the Mars 
Global Surveyor that operated from 
1997 to 2006. 

One of the most exciting prospects 
is that it will be able to determine if 
life exists on Mars by pinpointing the 
source of methane gases that on Earth 
are associated with biological activity. 
It will also be able to scout for suitable 
landing areas for future manned 
expeditions and to detect sub-surface 
water supplies that could sustain 
future Martian bases and colonies. & 


~ Controllers 
These control the 
actuators on the 
ruddervators, 
thruster drive 
electronics, and 
deal with power 
isolation and 
distribution. 






Neutron spectrometer 
This will search for near-surface 


hydrogen variations to determine the 
position and distribution of ice-rich areas 


and atmospheric water vapour. 


~ Cameras 


There is a forward-viewing camera on top 
of the ruddervators, and a context camera 
on the nose cone accurately determines the 
position of the craft over a 3km (1.8 mile) 


horizontal swathe. 
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10 mysteries.from outer space 
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a te ee "The story of astronomy has been a 
ce. et constant quest to solve new puzzles. 
t 





a) re Whether the question is why the 

] planets follow certain paths through 
the sky, how the Sun and stars shine, 
or how the universe began, we've 
always made progress by looking for 
the answers to big questions. And 
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10 mysteries from outer space 
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Written by Giles Sparrow 


out Space takes a look at ten mysteries of the 
*., Unmiverse that can't be explained with our current 
oo ae of Space science and asks some leading 
pow to-take their best, most intelligent guess... 


an astronomer - or a scientist of 
any sort - is all about, and over the 
following pages we take a look at 
ten of the biggest puzzles in the 
universe today. They range in scale 
from local affairs like the origin of 
the Moon, to enormous mysteries 
such as the balance of matter across 
the universe as a whole. In some 
cases we seem close to a conclusive 
answer, while in others we are still 
struggling to understand the question. 
Nevertheless, all of these mysteries 
have the potential to change the way 
in which we see the universe - in 
some cases on a very profound level. @ 
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© Hub 


At the centre of any spiral galaxy lies a 
massive bulge called the hub, dominated 
by older red and yellow stars. 


a (e)ineeeeicy0y 
Our Milky Way seems to bea 
barred spiral galaxy 100,000 
light years in diameter. 
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Spiral 


The beautiful spiral arms that 
glorify many galaxies have puzzled 
astronomers for years. Think about 

it: if they're really what they appear 
to be - long chains of bright stars 
winding out from the galactic nucleus 
- then why don't they get ‘wound up’ 
after a few galactic rotations? 

To get around this problem, mid- 
20th Century astronomers decided 
that the spiral arms might be the 
product of a wave moving around the 
disc. A wave would concentrate stars 
and star-forming gas into a spiral- 
like structure, but it would move 
independently through the disc. 

This was the basis of the ‘density 
wave’ theory, first put forward in 


How many planets are 


It's one of the most frustrating 
questions for anyone interested in 
planets, and the possibility of life, 
beyond our Solar System - just how 


widespread are planets? 

For centuries we only knew about 
the planet orbiting our own Sun, and 
after numerous false alarms many 
astronomers started to think that 
planets were freakishly rare objects. 
However, all that changed in 1995, 
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arms? 


1964. According to this model, spiral 
PIGGUMeHR om Me M@oacerI mae LIA Nlmele 

a traffic jam, created where the star- 
forming material in a galaxy's broader 
disc is slowed down and compressed 
to trigger new waves of starbirth. 
Stars themselves are constantly 
moving into the spiral arm and out of 
the other side, but the spiral density 
wave itself remains unchanged, and 
can persist for billions of years. 

But what exactly creates the 
permanent ‘traffic jam’ zone? One idea 
A Veclom aes Lew Le@O LONG Tm lyom Br lMOne-UhvaniU alors 
tidal forces from other galaxies tug on 
the individual orbits of stars, gas and 
dust. This would explain why many of 
the most pronounced spiral patterns 


with the discovery of 51 Pegasi b, 

the first confirmed extrasolar planet 
around a normal, Sun-like star. Since 
then hundreds more planets have 
been identified, but our planet-hunting 
methods are hugely biased in favour 
of certain types of object. Because 
astronomers are usually looking for 
telltale changes in the light of a star 
to reveal the presence of an orbiting 
planet, they tend to find giant planets 
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® Disc 
Stars and clouds of gas 
and dust follow their 
own independent orbits 
around the hub, creating 
a flattened disc. 


Spiral arms that wind through the disc are marked 
by concentrations of star formation and short- 
lived bright young stars in open clusters. 


are often seen in galaxies that are 

bata e-em ner oMTsLae Old slm alec laeyarce tb ease 

Complicating the picture, however, 

is that many companionless galaxies 

also demonstrate prominent spirals. 
But research led by Dr Kelly Foyle 

of Canada’s McMaster University 

has thrown the ‘traffic jam’ theory 

into doubt. Foyle used a computer 

algorithm to look for radiation 

signatures associated with the 

different phases of star formation 


and those very close to their stars 
much more easily: these have either a 
bigger, or a more frequent, influence 
on their parent stars. 

Fortunately, the 2009 launch of 
NASA’s planet-hunting Kepler satellite 
began to change that. Kepler has 
identified 2,740 possible planets 
already and stares unblinking at a 
dense star cloud in the constellation 
of Cygnus looking for occasional dips 


as material moved through the 
density wave. Similar searches had 
previously been done by eye, allowing 
for unconscious bias that seemed to 
confirm the ‘density wave’ theory. 
Studies of a wide range of spirals 
seems to show that the neatly ordered 
Star formation previously reported 

in spiral arms may be an illusion. 

If that’s the case, then spiral arms 
may be far shorter-lived and more 
changeable than first thought. @ 


there? 


in starlight that give away the transits 
of planets across the face of their stars. 
In theory, this makes it possible to 
pick up the presence of planets too 
small to have much influence on their 
parent star, although distinguishing 
the tiniest of dips from random 
noise in Kepler's instruments is still a 
considerable challenge. 

Nevertheless, it's a challenge that 
some are eager to take on - and in 
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Density wave theory 
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© 6. Old stars 
Only older stars survive 

for long enough to move 
beyond spiral arms. 






5. Stellar newborns 
Bright open clusters emerge from 
nebulas behind density wave. 
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© 1. Flocculent galaxy 
When spiral structure 
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may concentrate in self- al 
propagating clumps. 
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Bright young stars 
are surrounded by rt 


star-forming gas 
from the disc. 


3. Star death © 


Heavyweight young stars die in supernova 
explosions after just a few million years. 


early 2013, a team led by Francois 
Fressin of the Harvard-Smithsonian 
Center for Astrophysics published 
some remarkable findings. Based on 
their analysis of Kepler's observations 
so far, they found evidence for small, 
rocky planets around roughly half of 
all Sun-like stars, implying there could 
be tens of billions of planets in our 
Milky Way alone. 

Sceptics have argued that Fressin's 
calculations are too optimistic, but 
even on the most conservative 
estimates, it’s clear that all our 


planetary discoveries so far have 
barely scratched the surface. @ 
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© 2. Disc material 
Stars and gas orbit 
at different speeds 
depending on 
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“Our study involved looking 

to see if spiral structure really 
is the result of a long-lived 
density wave,” says Dr Kelly 
Foyle. “We used a sample of 
spiral galaxies and designed a 
computer algorithm to analyse 
images of the gas and stars. If 
spiral structure is the result of a 





© 3. Pile up 
Star-forming 
gas and dust are 
concentrated as 
WAT \VAST ALK) a=) 
density wave. 


® 4. Ignition 
Emission nebulas mark sites 
where new stars are born. 





Ven 7 density wave, then we'd expect 
ey) ? a to find the gas offset from the 
yo stars in the spiral arms, because 
Ruy * , i the passage of the wave is what's 
== supposed to trigger the gas into 
| * i | forming stars. So a clear ordering 
yn meee (3) of gas and stars should appear, 
>, a. . generations and previous studies using 
, More bright by-eye estimate found just that. 
Re 4) a. eel EL However, the eye can often lie. 
| : emerge from “The results of our study 
C> .- «* ESE showed that there was no 
clear ordering of gas and 
+. * oJ stars. This suggests that either 


Spiral structure is much more 
complicated than we thought, or 
it is transitory.” 


— © 4. Shockwaves 


The exploding supernovas compress the 
surrounding gas, triggering new star formation. 






Exoplanets seem to * : ad 
be common around 
either single, binary 

or multiple stars. This 
artist's impression shows 
a hypothetical planetary 
system around the triple 
star HD 188753 
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Where 
is all the 
antimatter? 
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The laws of physics that govern the 
universe allow for the existence of two 
distinct types of matter: the familiar 
stuff that surrounds us and makes 
up the world we can measure, and 
‘antimatter’, which is composed of 
subatomic particles that are identical 
to normal matter particles in every 
way, except that their electric charges 
are inverted. As everyone who's seen 
Star Trek knows, when matter and 
antimatter meet, they annihilate each 
other to release a burst of pure energy. 

According to most models of the Big 
Bang, matter and antimatter should 
have been created from pure energy 
in equal amounts - but if that was the 
case, they would have annihilated 
each other and the universe would 
never have progressed into the matter- 
dominated realm we see today. There 
are various mechanisms at work 
creating small amounts of antimatter 
today, but such ‘antimatter fountains’ 
soon reveal their presence through 
radiation released by annihilation 
- and the connected nature of our 
universe makes it unlikely that distant 
galaxies could be dominated by 
antimatter without giving themselves 
away through annihilation. 

So where did all the antimatter 
go? One idea is that the material 
making up the present-day universe 
is a fraction of what was originally 


created: vast amounts of both matter 
and antimatter were created in the 

Big Bang and huge amounts of 
annihilation did indeed take place, but 
a tiny kink in the equations, known as 
a ‘charge-parity (CP) violation’, tipped 
them slightly in favour of creating 
matter, and when the annihilation 
phase came to an end, it was matter 
that won out. 

The search for charge-parity 
violations is a challenge for particle 
physicists. Some examples of CP 
violation were identified as early as 
the Sixties and incorporated into the 
so-called ‘standard model' of particle 
physics, but are not themselves 
enough to explain the matter/ 
antimatter imbalance. 

The Large Hadron Collider on the 
border of France and Switzerland is 
allowing scientists like Mat Charles 
of Oxford University to push the 
boundaries of research and look at the 
Way particles behave at the highest 
energies, where strange behaviours 
can become apparent. In 2011, Charles 
was part of a team who reported 
unexpectedly large CP violations 
in the behaviour of particles called 
charmed mesons using the collider's 
LHCb experiment, and this is currently 
one of the most promising areas of 
research for those looking to solve the 
cosmic antimatter problem. @ 





e 


room at the Collider 


This cloud of gamma-radiation around the Milky Way 
is caused by electron particles annihilating with their 
antimatter equivalents, known as positrons 
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EXPERT VIEW 


“LHCb has 
a real edge” 


“Experiments like LHCb are 
making precision tests, trying 
to pin down exactly where the 
standard model goes wrong and 
discover the elusive new physics 
Which caused all that extra CPV 
and gave us a habitable universe,” 
Says Mat Charles. “I'm especially 
interested in charmed particles - 
ones that contain a charm quark. 
The standard model predicts tiny 
CPV effects there, so anything 
new should stick out. 
“LHCb saw hints of CPV - 
small, but more than expected 
- in certain charm decays 
with a bit over half of the 2011 
data sample. Since then two 
_ other experiments, CDF and 
Ses) THROM Neco a cemstennleve 
results. Even put together these 
measurements don’t reach the 
gold standard for a conclusive 
discovery - but this is where 
LHCb has a real edge: there's 
now five times as much data 
in the can as was used for that 
first study. We're planning to 
show new results on the full 
2011, sample shortly, and will 
then get stuck into the fresh data 
accumulated in 2012. 
ee |) oc ma lelmnd element hymeynters 
who've been busy, though: our 
theorist colleagues have done a 
lot of work to understand what 
could be going on. The short 
answer is that the calculation 
of the standard model CPV for 
these decays is more subtle than 
it looked - the consensus is now 
that the result could be explained 
_by the standard model after all. 
But we're not daunted - LHCb is 
working on many Measurements, 
in charm and elsewhere, designed 
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What causes 


ammia-ray 
ubbles? 


Gamma rays are the most powerful, 
fascinating and frustrating form of 
radiation in the universe. They are 
electromagnetic radiation with the 
Shortest wavelengths and highest 
frequencies of all, millions of times 
more powerful than visible light. As 
a result they are only emitted by the 
most violent and energetic processes 
in the universe. 

Detecting gamma rays is a challenge 
in itself as our atmosphere prevents 
them from reaching Earth. Gamma 
rays can't even be reflected or focused 
like other forms of radiation, and 
discoveries often owe as much to the 
detectors found in particle accelerators 
as they do to traditional telescopes. 

However, the state-of-the-art 
Large Area Telescope on the Fermi 
Gamma-ray Space Telescope is the 
instrument responsible for one of 
the most intriguing astronomical 
discoveries of recent times - two huge 
areas of gamma-ray emissions that 
together cover more than half the 
visible sky and are generally known as 
the Fermi bubbles. 

The bubbles are the largest gamma- 
ray structures so far discovered, but 
remained hidden from view until 
2010, lost in an all-obscuring gamma- 
ray haze. It was while developing 
models to explain the origin of the 
haze that a team led by Professor 
Douglas Finkbeiner of the Harvard- 
Smithsonian Center for Astrophysics 
first stumbled across the traces of the 
Fermi bubbles. Their distinctive edges 
mark out the boundaries of two lobes 
roughly 25,000 light years in diameter. 

The shape of these bubbles, the 
sharp definition of their outer edges 
and the nature of their gamma-ray 
emissions all combine to suggest they 
formed in a single fairly rapid event 
and are expanding outwards through 
the halo regions above and below the 
disc of the Milky Way - in other words, 
they really are bubble-like shells rather 
than the outer limits of a filled-in 
gamma-ray cloud. 
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The big question, of course, is what 
caused them. One theory is that the 
bubbles are caused by an expanding 
shockfront of high-speed gas blown 
out of the galaxy’s central regions 
when they went through a spectacular 
burst of star formation several million 
years ago. This event would have left a 
wave of supernovas in its wake, as the 
heaviest stars in the newborn clusters 
aged and met their violent ends within 
perhaps a couple of million years of 
their birth. The combined force of 
their shockwaves might have been 
enough to blow their gases out in a 
huge hourglass-shape, pinched at the 
‘waist’ by the gas, dust and stars of the 
galactic plane. 

If that sounds impressive, then the 
other possible cause for the bubbles 
is even more intriguing. It’s now well 
established that the centre of the 
Milky Way is home to a supermassive 
black hole with the mass of around 
4 million Suns, and we know that in 
some distant ‘active galaxies’, material 
falling into such black holes can create 
brilliant emissions of radiation and 
powerful jets of high-energy particles - 
signatures of powerful objects known 
as quasars, blazars and radio galaxies. 

The Milky Way's black hole is 
generally thought to be dormant, with 
the stars and gas that orbit it staying 
well clear of its voracious maw - but 
might the Fermi bubbles reveal a 
relatively recent burst of activity? 
Their gamma-ray emissions have now 
been linked with microwave radio 
emissions, inviting parallels to the 
glowing lobes of material around radio 
galaxies, and in May 2012, Harvard 
astronomers added to the evidence 
with the discovery of X-ray and 
gamma-ray-emitting particle jets tilted 
at an angle to the bubbles, but also 
emerging from the galaxy’s central 
region. Could our galaxy have been 
active in the very recent past? And if 
it was, then what will it mean for us 
if the sleeping black hole at its centre 
roars into life once more? @ 


Flannery 
bubbles 

Gamma rays are 
produced when 
high-energy 
particles from the 
galactic centre 
collide with lower- 
energy photons of 
radiation and boost 
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Gamma-ray Burst Monitor 
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Do gravitational 
waves teally exist? 


In almost a century since Albert 
Einstein published his general theory 
of relativity in 1915, its predictions 
have been proven right again and 
again. But one prediction of Einstein's 
theory has remained frustratingly 
elusive - the so-called ‘gravitational 
waves’ that are thought to ripple out 
across space from certain extreme 
objects and events. These waves travel 
at the speed of light and distort space- 
time in their paths. They are very 
difficult to detect over large distances 
since they create only tiny distortions. 

Unfortunately in most normal 
situations these distortions are 
immeasurably small - to find an object 
that will radiate gravitational waves 
with enough strength to detect on 
Earth we have to look for binary star 
systems in which at least one of the 
Stars is an extreme stellar remnant. 

And even then, actually measuring 
gravitational waves is an 


enormous challenge - how do you 
measure a distortion in space when 
your ruler is also being distorted by 
the same amount? So far the most 
promising methods use interferometry. 
However, even the most sensitive 
interferometers such as LIGO (the 
Laser Interferometer Gravitational 
Wave Observatory) have so far failed 
to detect waves in transit. 

The most promising evidence at 
the moment, then, is indirect. It comes 
from the measurement of minute 
changes in the orbits of extreme 
binary systems, caused as the stars 
radiate gravitational energy and draw 
slowly closer to each other - an effect 
known as inspiralling that, as far as we 
know, can only be explained through 
general relativity. Nevertheless, many 
physicists won't rest easy until LIGO 
or some other experiment manages 
to find the clinching evidence for 

gravitational waves. @ 


General relativity shows how large masses distort space-time around them - as 
illustrated above by the Earth's distortion of a two-dimensional sheet of space-time 


67 








10 mysteries from outer space 


Sle narices 











the Earth? 


Our planet is unique in the Solar 
System - not just for its geological and 
atmospheric features, its deep oceans 
and its giant moon, but above all for 
the presence of abundant life. When 
astronomers talk of looking for other 
Earths orbiting distant stars, this is 
what they mean - planets not just 
similar in size or orbit, but capable of 
giving rise to life as we know it. 

So far, our search for other Earths 
has been limited by planet-hunting 
techniques that are heavily biased in 
favour of finding massive planets and 
those orbiting very close to their stars, 
but the latest generation of satellites 
may be finally bringing planets of 
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Earth’s size and mass within reach. 
However, some astronomers believe 
we may be still missing out a few 
important factors. 

For instance, our own planet sits in 
the middle of a so-called ‘Goldilocks 
zone’ where the heat from the Sun is 
neither too hot, nor too cold. In theory 
all stars have similar zones - closer 
in or further out depending on the 
brightness of the star. But in order 
to sustain a comfortable climate, an 
Earth-like planet would have to follow 


a near-circular orbit in this zone (and 


most of the planets we know so far 
seem to be on more elongated paths). 
What's more, if we're looking for life, 


habitable zone 
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rocky planets can 
form, but nearby 
supernovas are rare. 
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shorter-lived stars that 
would evolve into red 
giants before evolution 
had time to do its work: 
this would limit the search 
to truly Sun-like stars. 

Even the presence of the Moon 
may have played an important 
role in life’s story - shielding Earth 
from bombardment, and creating 
hospitable intertidal zones along the 
shorelines, where some think life 
first began. And since the Moon is 
something of a freak of nature itself, 
this might mean the right conditions 
for life are very rare indeed. 

Another idea is the ‘galactic 
habitable zone’ - a ring of life- 
giving conditions rather similar 
to the Goldilocks zone but on a 
galactic scale. First put forward in 
1995 by Guillermo Gonzalez of the 
University of Washington, this region 
is supposed to lie around a fixed 
distance from the centre of spiral 










galaxies - sufficiently close to the 
centre for star-forming processes to 
generate heavy elements that form 
rocky planets, but far enough out to 
limit the dangers of harmful radiation 
from dying stars. 

Researchers like to calculate the 
likelihood of Earth-like planets by 
weighing up the probabilities of all 
these factors, but the reality is that, 
UDNIGt AAV cm anole mento KoMclleleilereiha ieladee 
like planets to look at, we know far 
too little to put numbers on this most 
intriguing of mysteries. @ 
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Why is the 
Sun hotter 
on the 
outside? 


While the Sun appears in Earth's 
skies as a well-defined sphere of 
blazing light, in reality we can only 


see the Sun's surface or ‘photosphere’. 


When this brilliant disc is blocked 
out it’s clear that the Sun has a huge 
extended outer atmosphere. What's 
more, astronomers have long known 
that the upper atmosphere or corona 
is far hotter than the visible surface 
- ] to 2 million °C compared to the 
photosphere's ‘cool’ 5,500°C. 

The temperature change seems to 
happen across a relatively thin layer 
of the solar atmosphere called the 


‘transition region’. Most of the dramatic 


rise in temperature is caused by a 
change in the properties of helium, 
causing it to retain energy as heat 


Photosphere 

Here the Sun becomes 
transparent once again, 
and radiation escapes from 
the Sun's visible surface. 


Corona 

Temperatures in the 
Sun's outer atmosphere 
or corona can reach up 
to 2 million °C. 


Convection zone 
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becomes opaque, and 
energy is transported 
outwards through the 
movement of hot gas. 
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core as high-energy photons, 
which ricochet through 

the dense interior, pushing 
gradually outwards. 
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rather than radiating it away into 
space. This ‘temperature catastrophe’ 
is linked to the complete ionisation 
of helium atoms, in which electron 
particles are stripped away to leave 
their bare atomic nuclei exposed, but 
that ionisation requires temperatures 
in the transition region that are 
already tens of thousands of degrees 
hotter than the photosphere and 
‘chromosphere’ below. Just what 
causes this initial temperature rise 
has been a longstanding mystery - 
suggestions have included the direct 
injection of hot material from beneath 
along flame-like structures known as 
spicules, and the release of enormous 
amounts of energy through short- 
circuits in the Sun's magnetic field. 
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The Sun's outer layers are a writhing 
mass of hot gas, twisted by a powerful 
magnetic field. Waves produced here may 
power the heating of the outer corona 


However, recent research suggests 
another solution. A team led by Dr 
Richard Morton of Northumbria 
University used the Dunn Solar 
Telescope at the US National Solar 
Observatory to image the layers of 
the chromosphere. Here they found 
powerful magnetohydrodynamic 
(MHD) waves created by the 
interaction of electrically charged gas 
or ‘plasma’ with the solar magnetic 
field - could these waves provide 
enough power to energise the 
overlying transition region? @ 











EXPERT VIEW 
~ We may 





be on the 


right track” 


“We know that the Sun's magnetic 
field plays a central role in the 
process of heating the solar 
corona,” says Dr Richard Morton. 
“The solar magnetic field is 
generated within the interior 

and bursts out from the surface 
providing beautiful magnetic 
structures. The widely held belief 
is that the source of the energy 
for the heating is the convective 
motions, which begin below the 
photosphere. The up-flowing 
convective cells are seen as a 
network of granulation in images, 
and the convection stirs and 
shakes the solar magnetic field, 
exciting MHD waves. 

“Analysis of data from the 
Rapid Oscillations in the Solar 
Atmosphere (ROSA) has revealed 
the presence of two distinct 
types of wave in the magnetic 
structure that comprises the 
solar chromosphere. ROSA 
also allows for the tracking of 
Waves as they travel through 
the lower solar atmosphere 
and has demonstrated how the 
granulation excites these waves. 
Crucially, these waves appear to 
have enough energy to meet the 
requirements for maintaining the 
corona at 1 million °C. However, 
as yet we have no evidence for 
the dissipation of the waves, 
which will confirm that the 
energy the waves carry is 
indeed being turned into heat. 
The mystery of coronal heating 
remains unsolved but the 
tantalising clues provided by 
ROSA give the hint we may be on 
the right track." 
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Why do 


pulsars pulse? 


The textbook explanation for the 
flashing of pulsars has barely changed 
since their discovery in the Sixties: 
radiation generated by fast-moving 
particles in the magnetic field around 
a city-sized neutron star is channelled 
out in beams from the magnetic north 
and south poles. If the magnetic poles 
are tilted with respect to the stellar 
remnant’s axis of rotation, then the 
beams of radiation sweep around the 
sky, and from the point of view of a 
distant observer, the pulsar seems 

to flash on and off. However, recent 
discoveries have shown that it may 
not be the whole story. 

One of the main challenges to the 
traditional model comes from new 
gamma-ray observations of the pulsar 
at the heart of the Crab Nebula. This 
neutron star has been known to 
emit gamma-ray emissions for some 
time, but their intensity was widely 
assumed to fall off at the highest 
energies. In 2011, however, a team led 
by Nepomuk Otte of the University of 
California used the VERITAS gamma- 
ray telescope to study the Crab at high 
energies for the first time, and were 
surprised to find the pulsar emitting 
intense radiation. 





For centuries, astronomers were at a 
loss to explain the origin of Earth's 
companion in space - most satellites 


The traditional model of emission 


through so-called ‘curvature radiation’ 








cannot explain such high-energy 


gamma rays, so astronomers are faced 


with a puzzle. One possibility is that 
the rays are produced by the same 


mechanism as the gamma-ray bubbles 


around the Milky Way - fast-moving 
particles colliding with relatively 
low-energy photons of radiation, and 
transferring energy into them. 
Pulsars can also produce sudden 
violent flares of X-rays and gamma 
rays. Traditionally these have been 
linked to a class of extreme neutron 


stars called ‘magnetars’. Inside the star, 
these magnetic fields can be so strong 


that they disrupt the crust, leading to 


eruptions of superheated particles that 


release bursts of energetic radiation. 
However in 2010, a group led by Dr 
Nanda Rea of Barcelona's Institute 

of Space Sciences identified flares 
coming from SGR 0418, an otherwise 
normal pulsar with a relatively weak 


The Crab Nebula supemova 
remnant is one of the most 
famous objects in the sky 


magnetic field. If astronomers have got 


the general flaring mechanism correct, 


then they're faced with explaining 
how a neutron star can combine a 


super-strength internal magnetic field 
with a relatively weak external one. @ 


How did the Moon form? 


for any theory that tried to explain it. 


JS) MORN) D. CO (acMOR KM cCom ONT Coo BNE DE 
competing models: the ‘co-accretion’ 


original ‘protoplanetary nebula’. 


The ‘capture hypothesis’ suggested 


that the Moon had formed as an 





A combined optical and X-ray view of the Crab 
Pulsar reveals circular shockwaves created by 
_ particles colliding with the surrounding nebula 







hypothesis’ suggested that the Earth 
and Moon had originally been part 
of a single body that had flung off 
a large amount of material, which 
coalesced to form the Moon. 

A fourth theory went largely 
unregarded - in 1948 Canadian 











are much smaller in comparison to 
their parent planets, and the Moon's 
huge size presented big problems 


hypothesis suggested that the Earth 
and Moon formed alongside each 
other from the same part of the 


independent world elsewhere in the 
Solar System before being pulled into 
orbit around Earth. And the ‘fission 


geologist Reginald Aldworth Daly 
suggested that the material to form 
the Moon might have been produced 














3. Ring of debris 
A glancing blow destroyed Theia A cloud of rock fragments around the 

and blasted away a substantial Earth rapidly condensed into the Moon. 
chunk of Earth's mantle. os 


1. Collision 2. Blown apart 
course 
According to the 
latest computer 
models, Theia 
was about the 


size of Mars. 
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In 2004, astronomers studying data 
from NASA's Wilkinson Microwave 
Anisotropy Probe (WMAP) discovered 
something unexpected in the 
constellation of Eridanus. WMAP 
had been launched in 2001 with the 
aim of conducting the most detailed 
survey yet of the cosmic microwave 
background or CMB - a short- 
wavelength radio (microwave) signal 
that is the afterglow of light from the 
Big Bang itself. 

When astronomers looked at 


effect might reduce the energy of 
microwaves arriving at Earth after 
travelling through a large void. 
Searching for such a huge void, 
astronomer Lawrence Rudnick and 
others used data from the NVSS 
radio survey of the sky to map the 
positions of radio-emitting galaxies. 
They concluded that there is indeed a 
‘supervoid’ between us and the Cold 
Spot, about 8 billion light years away 
and a billion light years in diameter. 


WMAP’s first measurements they were 
shocked to see that the region seemed 
to be dominated by an enormous ‘hole’ 


in the CMB, much larger and much 
colder than the fluctuations found 
in other parts of the map. The CMB's 
‘Cold Spot’ is hard to reconcile with 


traditional models of the Big Bang - so 


could something else be causing it? 
One possibility was the effect of 
galaxy distribution along the ‘line of 
sight’ from Earth towards the Cold 
Spot. On the largest scales, galaxy 
clusters and superclusters merge to 
form sheets and filaments tens of 
millions of light years long, wrapped 
around apparently empty regions 
called voids. A complex phenomenon 
called the integrated Sachs-Wolfe 


during an explosion between Earth 
and a smaller planet. In the mid- 
Seventies, when scientists began to 
report their detailed analysis of lunar 
rocks brought back by the Apollo 
astronauts, they were surprised to 
find that it was Daly's suggestion 

- now named the ‘giant impact 
hypothesis’ that best explained the 
Moon's mix of minerals. 


10 mysteries from outer space 


Why is there a hole in the 
Enidanus constellation? 


If the supervoid really was this 
big, then it would be almost as 
tough to explain as the Cold Spot 
itself. However, the Cold Spot remains 
persistently real - and if it’s not caused 
by an intervening void then what 
else might it be? Some ideas include a 
monstrous black hole, a ‘scar’ created 
by changing laws of physics in the 
early universe, or even evidence of an 
intrusion by a parallel universe into 
our own - the jury is still out. @ 





Since then, further analysis has 
only strengthened the evidence in 
favour of a giant impact. Computer 
simulations have shown how the 
Moon could have formed during the 
impact of a body the size of Mars. 
This rogue planet has even been 
given a name, Theia. 

However, a study in 2011 has 
thrown a spanner in the 


‘) 4. Cooling worlds 
| The molten Earth 
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and Moon gradually 
cooled and solidified. 


Cold Spot 

This hole in the CMB 
remains a mystery 
to astronomers. 


works. Junjun Zhang of the University 
of Chicago published findings 
comparing the ratio of different forms 
(isotopes) of titanium in rocks from 
the Earth and Moon. She found that 
the measurements for both worlds 
were identical, suggesting that the 
Moon formed out of material which 
came from Earth (if Theia formed 
elsewhere then its rocks 





EXPERT VIEW 
“I hope it 
teaches us 






something 
marvellous” 


“The billion-light-year void we 
suggested in 2007 just hasn't held 
up, although the puzzle of the 
WMAP Cold Spot still remains,” 
says Lawrence Rudnick. “We were 
apparently caught by a common 
Statistical problem known as ‘a 
posteriori’ probability, which is to 
do with recognising coincidences. 
“The Cold Spot itself continues 
to fascinate, with new papers in 
the literature each year speculating 
on its causes. Other investigators 
just don't like the idea of the Cold 
Spot itself, and keep reanalysing 
the CMB data in different ways, 
to try to make it go away. I hope 
it stays and teaches us something 
marvellous about the universe.” 


should have different isotope ratios). 
Other astronomers have suggested a 
number of ways of saving the giant 
impact hypothesis. These include the 
idea that Theia might have formed 

in an orbit close to Earth's, or that 

it may have been an icy world that 
largely evaporated during the collision 
and therefore contributed little to the 
Moon's eventual composition. @ 
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Binary star systems 





A binary star is truly an awe-inspiring phenomenon 
- two massive balls of plasma circling each other in 
a spectacular and reality-bending dance of death 


Just think for a moment about the raw power of our 
star, the Sun. From the immense thermonuclear 
fusion at its core and the coronal mass ejections 
(CMEs) thrown out from the surface to its truly 
awesome, Solar System-extending gravitational 
pull, our lone star is truly a magnificent spectacle. 
Granting life, taking life and bending light years of 
particulate matter to its will, nothing in the Solar 
System can compare to our star’s majesty and might. 
Now think what would happen if you put two of 
these stellar titans side by side, locked around a 
common centre of mass... 

When two stars are in orbit around a commonly 
shared centre of mass - called the barycentre - they 
are known as a binary star system and, as you 
might expect, the results of their shared central 
point can be spectacular. Indeed, the endgame for 
many of these binary star systems are both runaway 
novas and type la supernovas, with one of the two 
behemoths accreting material from the other to such 
an extent that a cataclysmic nuclear explosion is 
triggered. This explosion either generates a variable 
star - one in which the brightness of one of the 
system's component stars is dramatically increased 
for a short period - or a Chandrasekhar limit (the 
maximum stable mass of a white dwarf), at which 
point a star is close to total destruction. 

Not all binary star systems end in this explosive 
way, however, with many types of system generated 
and a wide range of processes involved. Indeed, it 
has been estimated that perhaps up to half of all 
stars in the Milky Way are binaries, orbiting each 


72 


other around a common centre of mass at variable 
distances, velocities and orbit types. 

For example, certain binary systems may have 
orbits that are so vast that they can take decades - 
or even centuries - to complete, making their 
detection and observation difficult to near 
impossible. Others, in contrast, such as eclipsing 
binaries, are far more easily observed. These 
are stars in a binary system whose plane passes 
through, or very near to, Earth's and so when viewed 
from our planet they eclipse each other. 

The observation of binaries is important to 
astrophysicists as their common centre of mass 
and therefore orbital movements allow their 
component stars’ masses to be directly determined, 
along with myriad other stellar dimensions such as 
radius and density. In fact, how binary systems are 
detected also dictates how they are classified. For 
instance, optically detected binary stars are called 
visual binaries, those detected by spectroscopy (an 
observation that takes advantage of the Doppler 
effect) are known as spectroscopic binaries, and 
those discovered by astrometry (ie detecting the 
movement of a star around an apparently empty 
area of space) are referred to as astrometric binaries. 
For binary star systems whose component stars 
are close in distance - as described above - these 
‘close binaries’ lead to the gravitational distortion of 
stellar atmospheres and enhanced star evolution, as 
typified by the type la supernova scenario. 

How binary star systems form in the first place 
is currently not a comprehensively understood 


_An artist's impression of a planet 
, orbiting a binary star system 


process. However, all binaries must be born out of 
star-forming molecular cloud cores, as the likelihood 
of one star partnering with another through 
gravitational capture alone is very low. 

Current theory therefore suggests that binary stars 
are formed in one of two ways. The first method 
is by molecular cloud fragmentation during the 
formation of protostars - an early precursor phase to 
main-sequence stars. Molecular cloud fragmentation 
is a process in which a potential star-forming cloud 
of molecular hydrogen is divided into two or more 
density cores by the interaction of surrounding 
magnetic fields, as well as under the influence of its 
own mass and molecular composition. As a result, 
due to each core typically leading to the birth of a 
protostar, the splitting of a single core into multiple 
clouds leads to the creation of more than one star 
within the same region. 

The second theorised possibility for binary 
star generation is by the ejection of one of three 
newborn stars (with an equal mass) from a system 
due to the closer relationship between the other 
two. This ejection can lead to the phenomenon of 
‘runaway Stars’, a process that may also be triggered 
by the collision of two binary systems. Either way, 
this ejection leaves two stars within the original 
system - which will likely become a binary - and 
opens up the possibility of an additional one-star 
system ‘catching’ the runaway to form another 
binary. The relationship between a binary star 
system's component stars is described in a ‘primary- 
companion’ relationship, with the larger of the two 
stars being considered the primary member. 

Interestingly, since the first evidence of binary 
Star systems was discovered in the early-19th 
century, astrophysicists have been attempting to 
discover whether any component star of a binary 
was capable of hosting its own satellites. The answer 
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® 3. Secondary minimum Binary star systems 
Eclipsing As the orbit continues, the system's larger star then proceeds to cover the ee 
a 


smaller one, causing another decrease in the overall light emitted. However, as 


all the light from the bigger star is unblocked, this decrease is smaller than at 


e 
binaries the primary minimum. This stage is referred to as the secondary minimum. 









® 2. Side-by-side 
As the two stars separate from their temporary light- 
decreasing alignment - progressing in orbit around their 
Bye] AYA) Rae ABN) =) POMPOM SCO Md (fed gm a1M0 | pam Com a 
normal level, with the light from both stars visible. 


®@ 1. Primary minimum 
When the system's smaller, less bright star covers 
the primary one, the latter's brightness is decreased, 
reducing the overall light emitted from the system 
significantly. This is referred to as the primary minimum. 
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the two component stars lower mass and is farther 
orbits. This is the centre of from the barycentre at 
rata mass for the system. its apastron. 


The larger star has 
a closer periastron 


to the barycentre 
than the secondary 
component star due 
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4. Paths 

Both stars’ elliptical 
orbital paths sweep 
out equal areas in the 
same time, as shown 
by the dashed radial 
Titew emma rl x=e 





to that has only recently been confirmed, with perhaps, is that NASA’s analysis of these planets another. These latter stars are referred to as optical 
NASA announcing in September 2012 that not only indicates that one of the two system planets - double stars and are in fact usually very far apart, 
can a binary system sport component stars with Kepler-47c - is positioned in a habitable zone, where with their chance alignment as viewed from our 
their own planetary satellites, but entire transiting liquid water could exist. And if water does indeed world creating an optical illusion of influence. 
circumbinary systems too - with multiple planets exist on the planet, then so too could life. Misleading optical doubles aside, many binary star 
orbiting around the binary’s barycentre. Importantly, binary star systems are not merely systems are visible from Earth, with systems such as 

This discovery was made by analysing the two stars that appear close together. If two stars Alcor in the constellation Ursa Major, and Albireo A 
Kepler-47 binary star system, which is located appear visually close then, while they may indeed in the constellation Cygnus easily viewable. Indeed, 
approximately 5,000 light years from Earth in the be part of a binary system, they could just as easily Albireo A provides quite spectacular viewing due to 
Cygnus constellation . What is most intriguing, be two independent stars in close proximity to one its rich amber colouring. @ 
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cob in their oe time on the ISS 


What do astronauts d 





Update your knowledge at — 


oin 


their spare time on the ISS? 


Stephen Ashby 

YourTe right in thinking that it's not all 
work and no play on the International 
Space Station (ISS). Since days or even 
months of solid work are certain to 
cause a large level of stress among 
space workers, flight planners back on 
Earth schedule time where astronauts 


can relax, exercise and have some fun. 


Perhaps one of the most popular 
pastimes is simply looking out of 


the window. From inside the ISS, 
crewmembers can peer out of 
numerous windows at the spectacular 
sight of the Earth spinning below 
them. Sunsets and sunrises are also 
amazing, occurring every 45 minutes 
above the Earth's atmosphere. 
Aboard the space station, there are 
plenty of opportunities for astronauts 
to have time to themselves. Similar to 
people that work full-time on Earth, 


astronauts get weekends off where 
they can watch movies, listen to and 
play music, read books, play cards 
and various other games as well as 
talk to their families. Exercise is also 
an incredibly important part of a 
crewmembers free time. An exercise 
bike, treadmill and various other 
pieces of equipment are used to keep 
the astronauts’ bodies in shape against 
the lack of gravity. GL 
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How do we know the 
composition of distant stars? 


Lucie Mathieson 

What stars are made of is determined 
through the help of spectroscopy. 
This involves the study of a star's 
spectrum which is created by the 


electromagnetic radiation that it emits. 


Spectroscopy can not only derive the 
chemical composition of distant stars 
and galaxies, but can also determine 
their temperature, density, mass, 
luminosity and relative motion. 

Stars emit at all wavelengths across 
the electromagnetic spectrum, along 
with many discrete absorption lines 
at certain wavelengths. These lines, 
which appear black on a colourful 
emission spectrum, result from a 
deficiency of observed photons at 


those particular wavelengths since its 
light is absorbed. It is these absorption 
lines that tell astronomers the 
composition of the star. Some stars 
have spectra patterns similar to the 
Sun, while others are slightly different. 
However, in general the make-up from 
Star to star is generally very similar. 

In the absorption spectrum of our 
Sun we see prominent absorption 
lines relating to hydrogen and helium 
along with other trace elements. Two 
lines of hydrogen can be found in the 
fingerprints of our star. However, the 
star Vega, in the constellation Lyra, 
might have these two lines but they 
are much thicker and more intense 
owing to the star's temperature. GL 
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If the Earth had aring 
system, would we be able 
to see it from the surface? 
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Jason Millar 

If we imagine our Earth to have rings 
similar to that of gas giant Saturn, 
where the rings would be aligned with 
Earth's equator, the rings would appear 
across the sky from east to west. From 
the surface, giant arcs would be visible 
in Paris in France and Rio de Janeiro 
in Brazil. Close to the equator, the rings 
would appear thin and perpendicular 
to the horizon. If you were in Quito in 
Ecuador, you would see an edge-on 
view of Earth's rings cutting through 
the sky. However, far from the equator, 
something different would happen 
with the rings appearing much wider 


How many countries have rockets 


capable of reaching space? 


Tim Arthur 
Over the last 57 years of space exploration a lot of 
countries have had some involvement in space. 
This can range from the building of rockets, 
designing experiments and even providing and 
training the astronauts who go into space. Due to 
the high cost of space travel, exploration outside 
our planet has become a truly international affair. 
That being said only nine countries possess the 
ability to launch something into orbit around the 
Earth. These are Russia, the United States, France, 
Japan, China, India, Israel, Iran and North Korea. 
Great Britain developed launch capacity in the USA 
Seventies but didn't join the European consortium 
Arianespace, therefore losing this ability. A 
few other countries have inherited technology 
allowing them to make orbital flights. These 
include Ukraine and South Korea, and nine other 
European countries who have access through the 
combined effort of ESA and Arianespace. JB 
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France 














and close to the horizon - especially 
from the view points of Malmo in 
Sweden. If our planet were to have 
rings, then they would be incredibly 
prominent in many places across the 
globe; from New York to Ayers Rock 
in Australia, from Madrid in Spain 
to Kuala Lumpur in Malaysia, from 
Tehran in Iran to Cologne in Germany. 
The rings would be very bright in the 
night sky and visible during the day 
as the chunks of ice and dust or rock 
that make up the rings would reflect 
the Sun's light, just like the Moon 
does. It would be an incredibly 
spectacular sight. GL 
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Does space 
smell of 
anything? 


Daniel Duke 

You'd expect the vast emptiness of 
space to hold no smell at all, however, 
ISS crewmembers have reported 
encountering odd smells on the return 
of spacewalkers. “Each time, when 

I repressed the airlock, opened the 
hatch and welcomed two tired workers 
inside, a peculiar odour tickled my 
olfactory senses,” said astronaut Don 
Pettit. “The best description [of the 
smell] I can come up with is metallic; a 
pleasant sweet metallic sensation.” 

Other astronauts have noticed 
a smell of seared meat and ozone 
reminiscent of welding fumes. It is 
likely that this smell comes from 
the air ducts that recompress the 
compartment when astronauts return, 
or from high energy particles from 
Space interacting with the air. 

So while we may not know what 
space smells like, for astronauts, the 
Space experience brings the smell of a 
freshly seared steak. SA 





OGLE-TR-122b Jupiter 


What is the 
smallest star? 


Tom Parsons 

This question has two different answers so we will try to explore both of them. 
First of all, for an object to qualify as a star it has to be a ball of gas large enough 
that fusion is triggered at its core. We think for this to happen the object would 
need to have at least 80 times more mass than the planet Jupiter. This fits with 
what we have seen out in our universe. Currently the smallest star we have found 
is called OGLE-TR-122b. This star is around 96 times more massive than Jupiter. We 
call this type of star a red dwarf. 

The other side to this answer involves a star that is at the very end of its life. 
The type of star we will discuss now was once one of the biggest stars we know 
of. When a very large star runs out of fuel, the core stops reacting and the force 
holding the star up ceases, causing it to collapse. As all this material comes 
crashing down, the core of the star gets compressed. If the star is large enough 
then the core gets compressed until even the atoms inside are squashed together. 
This leaves a huge ball of neutrons. This material forms some of the densest 
material we know of. These compressed cores can contain as much as twice the 
material in our Sun, squashed down to less than 20km (12 miles) across. JB 
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jw much o iin MTC sects ie 
the Milky Way block us seeing? 


David Xeureb 


The Milky Way is our home galaxy and is relatively flat 
overall, in a huge spiral shape. Our Solar System is located 
in a spiral arm just over halfway out. This means that 
from our viewpoint the stars, dust and gas that form our 
Milky Way are all concentrated into a thin band stretching 
360 degrees around our planet. While the Milky Way does 


get in the way in these directions, different wavelengths 
of light can get through by differing amounts. For 
example, if you're using visible light (the light our eyes 
see), the Milky Way obstructs about 20% of the total sky 
but this decreases in wavelengths such as the infrared. 
Even so, about 10% of the sky is still hard to observe 
because our galaxy gets in the way to some extent. MW 








\ ASTRONOMY 


What's the best 
way to do astro- 
photography? 


Stuart Thomas 

There are two types of 
astrophotography; wide-field fixed 
tripod and piggyback. Wide-field 
astrophotography involves a camera 
attached to a tripod that allows 
wide shots of the sky, whereas 
piggyback requires your camera to 
be mounted to a telescope. 

One of the best types of camera 
to use is a DSLR. While most 
DSLRs are suitable for this type of 
photography you must ensure that 
the camera has interchangeable 
lenses; has the ability to do long 
exposures (for example, up to 30 
seconds); is able to accept a remote 
shutter release cable; and can 
be attached to a tripod. Start by 
taking several exposures of varying 
lengths and altering the focus - this 
will help you work out what works 
best for your camera. Also play 
around with the ISO speed. Try 
around 400 to shoot the stars and 
use 1600 with a very bright Moon. 

Piggyback astrophotography 
allows longer exposures to be made 
and stars, which move across the 
sky with the Earth's spin, do not 
appear as streaks. It will also allow 
you to record fainter stars and more 
detail. To do even the most basic 
piggyback astrophotography, you'll 
need a camera and lens, a shutter 
release cable, an equatorially 
mounted motor-driven telescope 
and a camera mount bracket. 

You may have also heard of 
a CCD (charge-coupled device) 
camera. Unlike DSLRs, which also 
use CCD chips, these cameras 
are usually cooled devices. CCDs 
are simple to use, are capable of 
producing long exposures with 
minimum thermal noise and offer 
a wide range of resolutions. GL 


Make contact: @ @spaceanswers f /AllAboutSpaceMagazine @ questions@spaceanswers.com 
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® Surface, not centre 
Rather than residing at the Sun's 
core, the centre of the Solar System 
is actually located on its Cf: [¢- al 


© 


Where is the exact centre 


of the Solar System? 


Ellie Smith 

We know that the centre of our Solar 
System is the Sun. However, while this 
is true, it is not entirely accurate. 

The planets move on elliptical orbits 
and the Sun can be found at one of the 
two foci of these ellipses. This should 
tell us that the exact centre of these 
orbits is not continually at the heart 
of our star and due to the masses of 
our Sun and the planets combined we 
find that the exact centre of the Solar 
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System can be found at the point at 
which the centre of mass between the 
two exists - a balancing point between 
the two masses. If we were to draw 

a line between two objects of similar 
mass, then the centre of gravity would 
be roughly half the distance between 
the two. Of course, the Sun’s mass 
doesn't equal that of the combined 
mass of the planets, so we can't say 
that the centre of mass, and therefore 
the centre of the Solar System, is 


agent egost tier 


universe be 0) Fy 


Liz Appleton e 


The empty space that separates . - 


galaxies and other astronomical 


objects is expanding and, as a result, y, = 


any section of space is larger now 


than it was at the beginning of Tee 


universe. However, while this peau hie 


is expanding, it is important to realise 
that galaxies and other objects inside 
it are not. Perhaps the easiest way to 
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look at the behaviour is to imagine the _ 


universe as a chocolate chip cookie — 
with the chocolate chips representing 
galaxies and the dough as the space _ 


P 


between them. Putting the cookies i 


the oven, the dough rises and each oi 


the chips will get further away 
they were when you first made 


however, the chips don’t ae cu 
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precisely halfway between the two. So 
where is it? 

The Sun weighs in at one solar mass 
(or 1,048 Jupiter masses) and is heavier 
than all of the planets combined. 

Now, because the Sun is so hefty, the 
centre of mass can be found closer in 
to our star meaning that the centre 

of the Solar System is found roughly 
at a value equal to the Sun's radius 

Or - More simply - on the Sun's surface 
rather than at its centre. GL 
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© How strong is the 
Earth's magnetic field? 
The Earth's magnetic field 
varies at different locations on 
its surface. Regions close to the 
magnetic poles, such as Canada, 
Siberia and Antarctica are places 
where you'll find the magnetic 
field to be strongest - exceeding 
60 microteslas (by comparison 
the strength of a fridge magnet is 
around 5,000 microteslas). 


© How often do the planets 
align in the sky? 

They don't create a completely 
perfect straight line, but the 
planets appear close together 
fairly regularly. The naked eye 
planets - Jupiter, Venus, Saturn, 
Mars and Mercury - cluster within 
25 degrees or less of each other 
once every 57 years, on average. 


© What is an 

astronomical unit? 

An astronimical unit (AU) is the 
distance from the Earth to the 
Sun, approximately 93 million 
miles or 150 million kilometers. 
Astronomers use AU to measure 
distances across the Solar System. 


© Whatisa 

retrograde orbit? 

Every now and then a planet 
appears to ‘turn around’ and move 
back in the direction it came. 

This retrograde orbit is not due 

to a planet suddenly changing 
direction, but is caused by the 
different speeds at which the 
planets circle the Sun. From our 
perspective on Earth, it’s our 
planet catching up and overtaking 
a superior planet on the inside 
lane, which creates the ‘illusion’ of 
retrograde motion. 


© Why is lunar soil grey? 
Lunar soil is formed by 
micrometeorite impacts which 
pulverise rocks into fine particles. 
Energy from these collisions 

melt dirt into vapour that cools 
and condenses on soil particles, 
coating them in a glassy shell that 
contains tiny specks of metallic 
iron and creates the grey colour. 
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© Do asteroids have 
thin atmospheres? 

No, asteroids do not have any 
atmosphere at all. 


© What's the main 
difference between 

the northern and 
southern lights? 

Other than the geographical 
location, there is really no 
difference between these two 
spectacular light shows. 


© What's the slowest 
speed you can orbit Earth? 
So that an object doesn't fall 
towards the Earth and stays 

in orbit, the minimum speed 
required is around 29,000km/h 
(18, 00Omph). Remember the 
speed is also dependent on the 
distance from the Earth's centre. 


© Why do sunlight 

and moonlight have 
different colours? 

Since the Sun's light is scattered 
by Earth's atmosphere, the Sun 
appears yellow. Moonlight, which 
is created from the reflection of 
the Sun's light bouncing off lunar 
dust and rock, doesn't scatter 

in the Earth's atmosphere, so it 
appears its true white colour. 


© What's the biggest 
galaxy we know of? 

The supergiant elliptical galaxy 
IC 1101 - which is located at the 
centre of the Abell 2029 galaxy 
cluster in the constellation 
Serpens - is the largest galaxy 
that we know of with a diameter 
of around 6 million light years 
across and a mass 2,000 times 
that of the Milky Way. 


© Have any stars survived 
since the Big Bang? 

At the moment, the oldest star 
that we know of is 13.2 billion 
years old and is called HD 140283. 
Astronomers believe that it 
formed some 500 million years 
after the Big Bang. 


Could we ever 


land humans on 
Mercury or Venus? 


Nigel Pearce 

Mercury and Venus are closer to 

the Sun than Earth and, because of 
their proximity to our star, this pair 

of terrestrial planets can become 
incredibly hot. Mercury, which is 
closest in, can reach temperatures of 
between -173°C (-279°F) on its space- 
facing side and around 465°C (870°F) 
where its surface faces the Sun; which 
takes the full brunt of the angry 
outbursts of solar winds which can 
envelop this rocky planet. Mercury is 
not only a dangerous planet to set foot 
on, but it is also risky for astronauts 

to travel to due to the high level of 
cosmic rays that the human body 
would be exposed to. Unless we find 
some way of creating a spacesuit that 
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Werke ary 
when the Su: n 


Simon Jones 

Our Sun is halfway through its life 
end of its life it will run out of 
force pushing outwards against | 


protects us from the vacuum of space, 
the intense heat and the freezing 
temperatures on Mercury would make 
it far too dangerous to land humans 
on this world. 

Things are no better on Venus. 
Shrouded by an opaque layer of highly 
reflective clouds of sulphuric acid, 
and a dense atmosphere of carbon 
dioxide, this planet's atmosphere 
provides a crushing pressure of 92 
times that of Earth combined with a 
heat of approximately 460°C (860°F) 

- a hellish match which would crush 
or kill any visitors, from spacecraft to 
human, who dare to land on its surface 
within a very short time. Venus 

is almost certainly a place that no 
humans will visit anytime soon. GL 


contract just enough for some helium in sity core to be ean fusing 
releasing more energy, but the outer layers will ttl This cause 
Sun's surface temperature to drop, changing its colour from yellow t 
to orange and then red. After a short while the helium in the core 
out. The Sun has one more stage after this - it will puff its outer la 
leaving a small but hot white dwarf star in the centre. MW 





What would 
happen 

to Earth if 
the Moon 
disappeared? 


Jessica Wilkinson 

The first thing we'd notice 

would be the brightness levels at 
night. Although the Moon isn't a 
particularly bright object, it is much 
brighter than anything else we 

see in the night sky. If you go out 
during a full Moon and compare 
that to just a tiny crescent the 
visibility is immediately noticeable. 

The next major difference would 
probably be the lack of tides. Due 
to the Moon’s gravitational pull on 
the Earth, sea levels rise and fall. 
Without the influence of the Moon 
this process wouldn't happen. It 
may take a few days for the oceans 
to slosh themselves to a standstill 
but eventually they would. 

These are the obvious changes 
but there may be wider-reaching, 
more subtle effects that we are as 
yet unaware of. JB 
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At any one time we can only see 

the half of the Sun that is facing us. 
However, there is no ‘dark side of the 
Sun’. Unlike the Moon, which spins 
once for every time it goes around the 
Earth, constantly presenting us with 
the same side, the Sun spins once 
every 24.5 days and the Earth moves 
within its orbit so that over the course 
of about a month we get to see the 
entire surface. 

However, the Sun is a constantly 
changing ball of fusion and by the 
time we see the other side, the 
entire surface has evolved. And with 
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our ever-increasing dependence on 
satellite technology, the problem of 
solar flares and coronal mass ejections 
is one that concerns scientists. 

In order to better understand the 
evolution of space weather, a view 
of the entire Sun at once is required, 
and we obtained this for the first 
time in February 2011 when the 
STEREO mission reached its objective. 
Launched in 2006 these two almost 
identical spacecraft were designed to 
orbit the Sun in opposite directions, 
giving us a 3D view of the Sun and 
for the first time in 2011 allowed us to 
view the entire solar sphere. SA 


What type of telescope is bes 
for viewing planets? 


Pe LeU Meh royale 


The best telescope for planetary observing is the Cassegrain style. Not 
only does this telescope offer you the maximum amount of theoretical 
magnification but it also provides sharp, crisp images of the planets. 
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ri Same the only other world - ~ 
to be visted by mankind a” 
How did it form? 

What is it made of? 

How did we get there? 


©"N DESTINATION 


How close are we to launching a 
manned mission to the red planet? 


SECRETS OF THE 
OORT CLOUD 


Explore The light-year wide 
cloud of ice around our Sun 





Alternatively, you could try a refractor telescope. Refractors, unlike reflectors, 

also provide extremely sharp views and are capable of higher magnification 
“factors. In lesser valué models, however, you may find that some unwanted: 

colour fringing - called ‘chromatic aberration - may occur. GL Dewy, 


EXPLORE TITAN 


BY BOAT 


How the Titan Mare explorer 
will sail the methane seas? 


STORIES OF SPACE PERIL 
END OF THE UNIVERSE 
THEFIRST MANINSPACE 
TELEPORTATION 

INSIDE METEORS 

BUILD YOUR OWN ROCKET 


In orbit 
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Refractor 
telescopes 


All you need to know about 
ese popular telescopes 


telescopes 


\ 


The instrument of choice for many 
first-time astronomers, refractors offer 
fantastic views of the night sky 


The magnifying abilities of lenses 
have been known for centuries. In 
the late 16th and early 17th Centuries 
this knowledge was refined and in 
the hands of a few talented opticians, 
lenses were combined and the 
telescope was born. This instrument 
was then turned on the sky, most 
famously by Galileo Galilei who 
observed Jupiter and its moons, the 
lunar surface and spots on the Sun. 

It was well understood that glass 
could bend (refract) light and that it 
had a magnifying effect. As optical 
technology improved so did the 
telescope, although it remained 
fundamentally the same; using an 
objective lens to gather and focus the 
light and a series of smaller lenses near 
this focal point to magnify the image. 
Nowadays, the lenses have become 
bigger and developments in optics 
introduced doublet or even triplet 
lenses; in other words the placement 
of two or even three lenses close 
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together as the main or objective lens 
to reduce and correct problems noticed 
when using a single piece of glass. 
Primarily, these compound lenses help 
to reduce ‘chromatic aberration’ (see 
Jargon Buster boxout). A single lens 
doesn't focus all the colours of the 
spectrum at the same point, but this 
can be corrected considerably, by using 
two lenses of different shape and type 
of glass put close together. This type of 
telescope lens is called an ‘achromatic 
lens’, or just an achromat. These are 
found in just about every type of 
refracting telescope made today, from 
the cheapest to the more expensive. 
The effect of chromatic aberration is 
to make bright objects appear to have 
a coloured halo around them. This 
can be completely eradicated by using 
a triplet lens, but due to high costs 
these are only ever used in the more 
expensive instruments. 

Because refractors are particularly 
good at giving highly magnified and 


\ GUIDES AND ADVICE TO GET STARTED IN AMATEUR ASTRONOMY 


What's in Minimise Me and my 
the sky? light pollution telescope 
The things to look out for Ensure you get the best views | Readers showcase their favourite 
on a fine spring night with our handy hints astrophotograpy images 





high contrast images, they are ideal 
for observing the Moon and planets. 
If you are thinking of buying one, 
then there are a couple of things 

you need to look out for: very cheap 
refractors have poor quality lenses 
which manufacturers try to improve 
by introducing a masking ring a short 
distance behind the main lens that 
helps to reduce the false colour effect. 
It also reduces the effective aperture, 
so don't be tempted to buy one of 
these. Make sure that all the lenses 
are ‘fully multi-coated’ in the technical 
specification. This helps to make sure 
that all the light is passed through the 
lens system and reduces flares and 
other unwanted artefacts. Also ensure 
the focuser is smooth and that it is 
supplied with a diagonal mirror which 
makes viewing more comfortable. If 
eyepieces are supplied, check they are 
of decent quality. If you are hoping 

to see stars and nebulas as well as 
planets, then go for an instrument of 
a moderate focal ratio. Finally, avoid 
purchasing a telescope which is too 
big, making it unwieldy. You'll see 
more with a telescope that you can 
handle. Remember, quality nearly 
always costs a little more. @ 


Astronomy 


kit reviews 
We take you through 
astronomy's must-haves 


Refraction 


As light passes through a 
different medium, such as 
glass, it is bent or - to use an 
alternative term - refracted. By 
controlling the shape of the 
glass (lens) it is possible to vary 
the point where the image is 
formed behind the lens. This is 
the focal length of the lens and 
has a direct bearing on how 
much the lens can magnify. 


Doublet 


A lens consisting of two pieces 
of glass is known as a ‘doublet’. 
Each lens in the system is made 
to a different shape, one being 
convex (curving outward) and 
the other concave (curving 
inward). This helps to bring the 
light from the red and blue ends 
of the spectrum to the same 
focal point. 


Chromatic 
aberration 


If a telescope has only one lens 
or has a poorly constructed 
doublet lens, then it might cause 
bright objects to have a red or 
blueish halo around them. Even 
the very best doublet lens can, 
however, show a little of this, but 
it is usually barely noticeable if 
they are of good quality. 


© 
Multi- 
cneee 

Glass is naturally quite reflective 
and in good quality lenses, each 
surface should be coated with a 
special chemical which helps it 
transmit all the light falling on 
to it through the glass. This is 
then described as ‘fully multi- 
coated’. In a doublet lens only 


the front of the first lens and the 
back of the second are coated. 


® 1. Lens 
The refractor lens 
is the ‘eye’ of the 
telescope. It gathers 
the light from objects 
and directs it down the 
tube to the eyepiece at 
the other end. 
























® 2. Dew shield 
As the name suggests, this part of the 
telescope tube extends beyond the lens 
to prevent dew forming on it. Ideally 
this should protrude 10-15cm (4-6in) in 
front of the lens. 





Many telescopes feature goto mounts 
that guide you to many sights 
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views of the Moon 
and planets 
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This is the mechanism which 
smoothly moves the drawtube 
in and out to obtain a good 
focus of the image. Each 
eyepiece will have a slightly 
different point of focus 

and it's important that 

the focuser is smooth 

and does not cause the 
drawtube to wobble 
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always costs a 
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Anatomy of a 
refractor telescope 


5. Eyepiece ® 
The eyepiece is the lens which magnifies the 
image and puts the focused image where 
your eye can see it. Telescopes are often sold 
with two or three eyepieces which are usually 
interchangeable with other telescopes. 


4. Diagonal @ 

This is used to make viewing more comfortable 
as it turns the light coming through the 
telescope through 90°. It is either made from 

a prism or a flat mirror which is preferable 

as mirrors absorb less light than prisms, 
important as starlight is often very faint. 
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Pros 
and cons 


The refractor is frequently the 
instrument of choice for the 
first-time amateur astronomer, as 
they're easy to use and set up and 
don't need a lot of maintenance. 
There are, of course, different 
designs of telescope including 
reflectors, which use mirrors, and 
compound telescopes, which use 
lenses and mirrors. Each has its 
advantages and disadvantages, 
however, some designs seem 

to work particularly well when 
viewing certain types of objects. 
Refractors are very good for 
viewing the Moon and planets due 
to their very good contrast, which 
allows faint and subtle detail to be 
more easily seen, and also because 
they often come in longer focal 
lengths. This allows for higher 
magnifications; just what's needed 
to make the object look bigger to 
allow for observing those intricate 
details. It tends to cost more to 
make a lens rather than a mirror, 
though, so refractors usually have 
a smaller aperture. 


as it moves. 
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What's in the sky? 


The constellations of spring are now on show with 
a myriad of deep-sky delights to be seen 


Globular Cluster M3 Black Eye Galaxy M64 


Viewable time: All through the hours of darkness Viewable time: All through the hours of darkness 
One of the finest globular star clusters in the northern Discovered in 1779 by Edward Pigott, this galaxy is 
hemisphere, you'll need binoculars or a small telescope to unusual due to its dark dust lane which makes it look 


spot M3. Globular star clusters orbit the Milky Way and this 
one is around 33,900 light years away and is thought 
to be around 8 billion years old. It contains about 
500,000 stars. It lies on an imaginary line the opposite direction to the stars and dust 
halfway between the stars Arcturus in in the inner. It is also thought that this 
Bootes and Cor Caroli or ‘Charles's ke , merger occurred over a billion years 
Heart’, the brightest star in ago. It lies at a distance of around 
OT elecm (oer lsee 24 million light years. 


as if it has a black eye. It is now thought that this galaxy 
is the result of a merger of two such star systems as 
the dark dust in the outer region is rotating in 
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Globular 
Cluster NMi53 


Viewable time: 

All through the hours of darkness 
This is one of the more remote globular clusters 
connected with our galaxy. It’s around 58,000 light years 


Galaxy M49 


Viewable time: 
All through the hours of darkness 
M49 is an unusual galaxy as it looks as 
though it should be a ‘radio galaxy’, that is a source 
of strong radio signals, but it only seems to output radio 


away from our Solar System and is thought to be over 12 | waves in the same way an ordinary spiral galaxy does. It 
billion years old! Again, like many others, this globular Mbscrhicr ne is an elliptical galaxy. X-rays streaming out from the core 
cluster contains around half a billion stars. It will show up in emisp ere of this object suggest it contains a supermassive black 
binoculars as a small misty patch of light; a small telescope hole and maybe even two! M49 was the first member of 
will reveal its true nature though. the ‘Virgo Cluster’ of galaxies discovered in 1771. 
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O tips to minim 
light pollution 


If you live in or near a town or city you know the 
effects of stray light dimming down and ruining 
your view of the stars. Here are some tips to help... 
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Get into 
shadow 


If you have street lights shining into 
your garden, do your best to find a 
spot that’s not illuminated by these 
and which can give you a good view 
of the sky. Getting into the shadow 
of a brick wall or a tree can help here. 
The side of a building can help too, 
but this can of course block your view 
of a large part of the sky, so you may 
need to hunt around for the best spot 
in your garden. 
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Wait for 
the right 
conditions 


Artificial light is shone into the sky 
and is reflected back to us from dust 
and water vapour and atmospheric 
pollution. High humidity or prolonged 
dry spells when dust can be thrown 
up into the atmosphere will seem 

to make the situation worse. Check 
weather reports and wait for stable 
conditions with low wind speeds. 
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Get out 
of town 


This can be easier said than done, but 
if you have really poor views of the 

1G TASwON OSLO) MnO BTom ODO N TSH LON Core DUKanBnN Esa aie 
be worth the effort to pack up your 
equipment and drive a few miles out 
of your town or city to find darker 
skies. You will be amazed at the 
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Tete 
your optics 


If you can't shield yourself from stray 
light, then you can at least shield 

the equipment you are using. Dew 
shields on telescopes if short, can 

be extended using thick card, black 
or dark in colour, while telescope 
and binocular eyepieces can also be 
shielded using flexible ‘wings’ which 
can usually be obtained from dealers. 
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Coloured 
filters 


Coloured filters screw into the bottom 
of the eyepiece of your telescope. 
They have lots of good uses in 
observing, not least that of enhancing 
details on the Moon and planets. 
They can also be very helpful when 

it comes to reducing the effects 

of light pollution. This is because 
they are only allowing through the 
wavelengths of light of the specific 
colour of the filter and blocking out 
the other colours, particularly the 
orange/pink glow of street lights. 
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SEL 
out late 


It is a fact that stray light reduces as 
the night wears on. If you are able to 
Stay out late, you'll probably find that 
after midnight the amount of stray 
light around seems to be less than 
earlier in the evening. This is due 

to people going to bed and turning 
things such as outside lights off. Also 
some local authorities will turn street 
lighting down or off after midnight. 


There are various filters that are 
specifically designed to help reduce 
the effects of light pollution for 
astronomers. These often go by the 
name of City Light Suppression (CLS) 
filters or Anti Light Pollution filters 
(ALP). These are narrow band filters 
Gare debe oMOLU Lem d sTom NVC LU clo) Breda BTSmO) 
light emitted by low-pressure sodium 
street lights. These can make a 
significant difference when you are 
viewing through your telescope. 





mle) selec up 
imaging 


The beauty of modern digital cameras 
is that it’s easy to manipulate the 
image produced in software and 
reduce the orange glow of a city sky 
with a few clicks of a mouse. This is 
of course the most expensive option, 
unless you already own a DSLR 
camera or specialist astronomical 
imaging camera. However, because of 
the sensitivity of these cameras they 
can often ‘see’ more than the human 
eye in light-polluted conditions. Of 
course the results are better when 
they're used from a truly dark sky site. 
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Send your astronomy photos and - | | 
pictures of you with your telescope 


to photos@spaceanswers.com and 
we'll showcase them every issue 


“I am lucky enough to 
live on the north coast 
of Scotland, where we 
have beautiful dark 
Skies. These photos 
were all taken in my back garden using 
my Celestron Advanced GT 8 telescope 





ar f $7 ee a and a Canon 500D. Living so far north 
A A a _ ; id also means we get some of the best 
eee ee ere ee as : chances to see the northern lights from 


the Orion Nebula, the Horsehead Nebula, 


Bs mainland Britain.” 
the Moon and Saturn and its rings ainland Brita 


. : * . 
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Gordon Mackie, Scotland 


Telescope: N/A 
“These photos were taken last autumn during 
an observing session at a local dark spot (Loch 
More in Caithness, Scotland). There are no 
shortage of places in the Highlands to enjoy 
dark star-filled skies and occasionally the 
aurora makes a guest appearance, too.” 


























Elisha Metcalf, Wa ie Tog UK 
Telescope: Meade ETX 80 

“I'm Elisha, 24, and I have just started doing 
astrophotography. I love taking long-exposure pictures 
just with my camera and lens in the back garden and 
I also have the Meade ETX 80 telescope for observing, ' . 
and sometimes photographing. I use a Canon 1100D at . - 

the minute and 18-55mm and 70-300mm lenses for aN ‘ . 

pictures. Here are a few I have taken so far.” ° . * 


* Clockwise from top left: the night sky, NGC 
6946 galaxy, the Orion Nebula and the Moon 





Send your photos to... ©) @spaceanswers © photos@spaceanswers.com 
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Me & My Telescope 






al INE Mate atetem elem a tedats 
| sky was a breeze 


First time 
astronomers 


T'wo novice stargazers tell us 
how they got on with their 
first go at astronomy 








Celestron 
50 LC d by: Paul 


; f B “am Winstone 
dae Cost: £358/$538 
From: www. 
hama.co.uk 
“Id always 
wanted to have 
a go using a 
proper telescope 
to explore the night sky so, when I 
managed to get my hands on one, I 
jumped at the chance to take it for a 
test-drive outside. 

“The telescope I got was the 
Celestron 80 LCM. I've used binoculars 
and star charts before, to try to learn 
my way around the night sky, but 
using a telescope felt like a step-up. 
I'd picked a computerised one as | 
didn't think I was quite ready to use 
a manual telescope to find stars and 
planets, but this is something I might 
look at doing in the future. 

“Setting up this telescope was a 
snap. Although there were quite a lot 
of fiddly bits in the box, I managed to 
get the whole thing together in about 
ten minutes. The tripod felt pretty 
sturdy and the Celestron 80 LCM 
looks great as well. 

“I was all ready and raring to go 
until the trusty UK skies dampened 
my expectations; my first night was a 
sea of clouds, and I had to wait several 
days until it had cleared up sufficiently 
to use the telescope. 

“When I finally got my chance, 

I found Celestron’s auto align 
technology incredibly useful. It was 
very simple to make the telescope 
know where it was. I just had to 

focus on three bright stars, and the 
software did the rest. It was incredibly 
straightforward. A few minutes later 
everything was good to go. 
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It was incredible to see 
ALUioyiCo mie wleReelancaats 


“Using the hand controller I could 
either manually slew across the sky 
or input an object that I wanted to 
see. My first target, as I've heard most 
people go for first, was the Moon. At 
the time it was just past a new Moon, 
so I couldn't quite make out any 
features on its surface, but I was easily 
able to observe its crescent. 

“Next, Jupiter was high in the sky, 
so I instructed my telescope to find 
the gas giant. It was incredible to see it 
in its entirety, and I could make out all 
four of the Galilean moons as well. 

“I spent some time browsing other 
objects in the night sky before the 
cold got the better of me and I went 
indoors. Based on this first experience, 
though, I'm hooked. When the weather 
permits, I'll definitely be heading out 
again soon.” @ 


—_ 


/N 


‘Tt was incredible to see Jupiter 
in its entirety, as well as the 
four Galilean moons" 





The Celestron 80 LCM 
was ready to go in about 
ten minutes 
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Attaching the ralectecrsys to 
the mount was easy / 
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First-time astronomers 


Celestron 
NexStar 
130 


% =a 








Tested by: 

Ben Biggs 

Cost: £399/$600 
From: www. 
hama.co.uk 

S 6 l've tried a few 
telescopes before, 
mainly ones that 
my friends have, 
but I've never had a chance to go out 
by myself and get to grips with one. 
Having eyed the NexStar 130 up for 
some time, I was glad to actually get 
out and get started from scratch. 

“The various bits of equipment are 
all simply laid out in the box. You've 
got the telescope tube, the mount, and 
then the various other bits and pieces. 
Getting the mount out, which was 
guite light, and attaching the telescope 
Was easy. 

‘I'd got my hands on a portable 
battery pack, so once I had the 
telescope all set up I switched on 
the power. The screen on the hand 
controller lights up, which is incredibly 
useful when outside as I didn’t have 
to use a torch. Using the SkyAlign 
technology, I had the telescope ready 
to begin observing in minutes. 
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“I was incredibly fortunate that the 
first night I took the telescope out into 
my garden I had wondrously clear 
Skies to look up into. I spent a good 30 
minutes letting my eyes adjust to the 
darkness, as I'd been told to do, before 
I took off the lens cap and took a look 
through the eyepiece. 

“My first destination was the 
Moon, which was full, so I was able to 
examine some of the features on its 
surface. The clarity of the telescope 
was excellent, and seeing craters and 
other surface features up close was 
just remarkable. 

“I then took some time making my 
way around the stars and nebulas. I 
had to manually adjust the alignment 
at times (I may not have had the 
telescope on level ground) to focus 
on the object I was looking for, but 
otherwise I had no problems. 

‘Tl definitely be taking the NexStar 
130 out again soon. It’s found a home 
in my conservatory, so next time I 
want to observe I've got it set up and 
ready to go. Judging by how easy it 
was to use on my first time, though, I 
don't anticipate any problems on my 
next observing session.” @ 


“Using the SkyAlign 


technology, I had the NexStar 


130 ready to go in minutes” 
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Setup @ 
Quick, no-tool setup 
means you'll be ready 
to observe the stars 
in minutes. 


Database ®@ 
40,000 celestial 
objects are ready to 
be observed at the 
touch of a button. 


All-in-one @ 
This computerised scope 
comes with everything 


you'll need to get started 
in astronomy. 


Looks  ——— 
It doesn't just play the 
part, the NexStar 5SE 
looks the part as well. 









The NextStar 5SE comes with 
eyepieces supplied (1.25"): 25mm 


www.spaceanswers.com 








® Accessories 

This scope is supplied 
with a 1.25-inch 
eyepiece and a red- 
dot finderscope. 
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Celestron 
NexStar 5SE 


Cost: £679/$1,020 

From: www.sherwoods-photo.com 
Type: Schmidt-Cassegrain 

Aperture: 125mm 

Focal Length: 1,250mm 
Magnification: 295x 

If you're looking for a top telescope 

to get into amateur astronomy with 
then the Celestron NexStar 5SE comes 
highly recommended. Some excellent 
features and a tasty orange finish 
ensure you'll get some excellent views 
of the night sky and look the part 
while your'e doing it as well. 

The NexStar 5SE uses high-quality 
Schmidt-Cassegrain optics, making it 
suitable for both regular observations 
and astrophotography. For the latter, 
the scope comes with an added 
camera control feature that lets you 





Telescope advice 


elescope 
advice 


This striking scope is the 
perfect companion for 
keen astrophotographers 
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The database has nearly 
40,000 objects on offer 





easily attach a DSLR camera to take 
some cosmic snaps. 

The scope itself is reasonably 
portable, weighing just 12.7 kilograms 
(28 pounds) including the tripod. 
Meanwhile, it makes use of Celestron's 
excellent GoTo technology to ensure 
you'll be viewing the stars and planets 
with ease. A database of around 
40,000 objects is available at the 
touch of a button, while Celestron's 
SkyAlign technology will help you find 
celestial objects and also take you on a 
tour of the night sky. 

The Celestron NexStar 5SE, all in 
all, is a joy to use. It takes just a few 
minutes to set up, and thanks to the 
aforementioned features we were 
easily able to get wondrously crisp 
views of Jupiter, the Moon and more. 
Of course, it’s not quite as powerful as 
some telescopes on the market, but for 
an all-in-one computerised package 
this really is an excellent choice. @ 
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OLS 1 
Countryman BGA HD 
10x50 
Cost: £379/$565 


From: www.opticron.co.uk 

For the discerning astronomer, these 
fantastic binoculars are essential. The 
Japanese-made optics are incredible in 
their quality, giving you better views of 
the night sky than any similarly priced 
binoculars, at least in our experience. 
The long eye relief gives an added 
level of comfort, and even lets glasses 
wearers use these 10x5Os. In addition, 
the binoculars are waterproof, so the 
weather won't dampen your viewing 
experience. Simple wide-wheel 
focusing, retractable eyecups and a 
tripod adapter socket round out the 
features in these excellent binoculars. 
While a bit expensive for an amateur, 
experienced astronomers will get a 
real kick out of using these. If you've 
got the money to spare, they're well 
worth purchasing. @ 
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Patrick 

ee Ce) ga i 

Astronomy 2013 
Cost: £20/$30 
From: www.panmacmillan.com 
The late Sir Patrick Moore astounds 
us once again with a fantastic 
compendium of everything that’s 
happening in astronomy in 2013. 
Whether you need star charts for 
every month or some notes on 
what to observe, this book doesn't 
disappoint. Packed full of astronomical 
information, this is an excellent 
companion for anyone out and about 
doing some astronomy. And, for those 
cloudy nights when youre stuck 
inside, it also has some additional 
articles from respected experts on a 
wide range of topics, from asteroids to 
supernovas. Written in an informative 
fashion there's no other book you'll 
need as a guide to the year. If you're 
looking for an astronomical almanac 
for 2013, be sure to pick this up. @ 
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Astronomy 
kit reviews 


Must-have products for budding and 
experienced astronomers alike 


blintiyht: 


Celestron SkyMaster 

15x70 
Cost: £100/$120 
From: www.hama.co.uk 
These sizeable binoculars might not 
be as portable as the other pair we've 
reviewed, but you'll definitely get 
some great views of the night sky with 
them. Boasting 15x magnification with 
porro prisms, the 7Omm objective 
lens does a fantastic job of opening 
up the stars, planets and more to 
you. The multi-coated optics inside 
provide some sharp and clear views, 
while a protective rubber covering 
not only keeps the binoculars intact 
but also lets you grip them with ease. 
If you don't fancy holding them, a 
tripod adapter is included, and there's 
also a carrying case so you can take 
them with you wherever you go. If 
youre looking for a slightly larger pair 
of binoculars, then we'd definitely 
recommend giving these a go. @ 
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Cost: £204/$320 
From: www.hama.co.uk 
This excellent 3.5-inch miniature 
Maksutov-Cassegrain spotting scope is 
a brilliant piece of kit for astronomers 
who want something a little smaller 
and more portable than a telescope to 
observe the night sky with. The multi- 
coated optics do a wonderful job of 
bringing the stars and planets to life, 
even with an aperture of just 90mm 
and a focal length of only 1,250mm. 
An internal flip mirror makes it 
useable for both terrestrial and 
astronomical observations, while the 
whole assembly is lightweight at just 
2.27 kilograms (five pounds) so you'll 
have no problems taking it out and 
about. We were quite amazed by the 
clarity of what we could see, including 
Jupiter and the Moon, making this 
an excellent choice of scope for 
astronomers of all levels. @ 
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£200, 


PAIR OF OSTAR 
BINOCULARS 


Get your hands on this hi-tech 
pair of binoculars this issue 


The Ostara Elinor 10x50 binoculars are an excellent choice if you're 
looking to get some great views of the night sky. Boasting high 
resolution, exceptional comfort and stable imagery, you'll have a great 
time using these binoculars for some night-time astronomy. The Ostara 
Elinor is manufactured and distributed by Optical Hardware (www. 
opticalhardware.co.uk), who kindly supplied us with this issue's prize. 
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1 Gagarin 


We've been a space-faring species for 
over half a century thanks to Gagarin, 
our first cosmic explorer 


On a small Russian farm in the village 
of Klushino in the federal district of 
Smolensk Oblast on 9 March 1934, 
Yuri Alekseyevich Gagarin was born 
to his parents Alexey Gagarin and 
Anna Gagarina. Although they lived 
comfortably, they suffered under Nazi 
occupation during World War Two 
and, following the war, in 1946, they 
moved to the nearby town of Gzhatsk 
(renamed Gagarin in 1968). 

Gagarin (the man, not the town) 
had an interest in space, the planets 
and flying from a young age. After 
studying at the Saratov Technical 
College, and learning to fly with the 
local ‘aero club’, Gagarin enrolled at the 
Orenburg Pilot School in 1955. Here he 
met Valentina Goryacheva, whom he 
married in 1957, and later that same 
year he became a lieutenant in the 
soviet Air Force. 

When he joined the Soviet 
Space programme in 1960 he was 
immediately popular with both fellow 
pilots and the hierarchy. In the runup 
to the first manned Soviet spaceflight, 
which was in direct competition with 
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the Americans to get the first human 
into space, Gagarin's focused and 
effervescent demeanour earned him 
the pilot’s position on the first flight. 
Of course his humble beginnings 
didn't hurt his chances, as well as the 
fact that he was just 1.57 metres (five 
feet and two inches) tall, which would 
enable him to fit comfortably into the 
cramped Vostok spacecraft. 

On the morning of 12 April 1961, 
Vostok 1 lifted off with Gagarin on 
board. Just nine minutes after takeoff 
he became the first human to travel 
into space and to orbit the Earth. 

The orbit lasted 108 minutes before 
Gagarin returned to Earth, ejecting 
from the capsule seven kilometres 
(4.35 miles) above the ground and 
parachuting to safety. Upon landing 
he reportedly came across a startled 
mother and daughter on a farm and 
said: “Don't be afraid, Iam a Soviet 
citizen like you, who has descended 
from space and I must find a 
telephone to call Moscow!" 

The flight turned him into a global 
celebrity and he made numerous 





Gagarin was paraded around the world 
including here, in Egypt 


visits to various countries around the 
world, including Germany, Japan and 
England, over the next years. He was 
the recipient of many honours and 
awards including the prestigious Hero 
of the Soviet Union and the Order of 
Lenin. He revelled in the fame but 
was restricted from undertaking any 
more spaceflights, as the Soviets did 
not want to lose their most famous 
cosmonaut. It was with great sadness, 
therefore, that Gagarin died almost 45 
years ago on 27 March 1968 during a 
routine aircraft training flight at the 
age of just 34. 

Gagarin's legacy as the man who 
turned humanity into a space-faring 
species is remembered around the 
world through a number of tributes 
and events. Such was his stature 
that modern male cosmonauts even 
complete a bizarre ritual before 
launching - they ‘take a leak’ on the 
back tyre of the bus taking them 
to the launchpad, just as Gagarin 
is believed to have done before his 
historic flight on 12 April 1961. 

Yuri Gagarin inspired an age of 
space exploration around the world 
that we are still living in today. The 
brave audacity of this man to conquer 
the ultimate unknown will forever 
be remembered for as long as we 
continue to reach for the stars. @ 
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14. What Is Symmetry? 
. Mirror Worlds 
16. Invasion of the Giant Insects 
17. The Curious Quantum World 
18. Impossible Exactness 
19. Quantum Tunneling 
20. Whatever Is Not Forbidden Is Compulsory 
21. Entanglement and Quantum Cloning 
22. Geometry and Conservation 
23. Symmetry, Information, and Probability 
24. The Future of the Impossible 
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Explore the Physics 
of the Impossible 


Traveling through a wormhole. Chasing quantum particles. 


Reversing the flow of time. These and other astounding Impossible: Physics beyond the Edge 
Course no. 1299 | 24 lectures (30 minutes/lecture) 





adventures are staples of science fiction. And yet they also 
provide an engaging way to grasp the fundamental laws of 
nature and discover profound truths about our universe. 


Impossible: Physics beyond the Edge uses this ingenious S AV E £3 0 
approach in 24 lectures that teach you more about physics 
than you ever imagined. Your guide is Professor Benjamin See 
DVD £54:99 
Schumacher, a pioneer in quantum information who deals ie mer Ge 
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every day with things once deemed impossible. His richly \ : 





Priority Code: 81199 
illustrated course probes the nature of the impossible from many 





perspectives and takes you to the frontier of current scientific Pere ea oe eect en eae einen 
knowledge—all in pursuit of an answer to the question, Great Courses is a highly popular series of audio and 
“Is it possible?” video lectures led by top professors and experts. Each of 
our more than 400 courses is an intellectually engaging 


Offer expires 03/06/13 experience that will change how you think about the world. 


Since 1990, over 10 million courses have been sold. 
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ASTRONOMY ¢ SPORTS OPTICS ° MICROSCOPES 
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A truly revolutionary product, SkyProdigy is the culmination of decades of development 
from a world leader in telescope technology. It combines electronic motors, an 
intelligent on-board computer, a digital camera and StarSense™ technology to create 
an instant, alignment telescope that requires no input from the user. Simply turn it on, 
push a button and get ready to start star gazing — it’s that easy — and the StarProdigy’s 
automatic alignment process takes only a few minutes. Not sure what to look at? 
Select the Sky Tour option which offers an accustomised list of the best objects in the 
sky to view for your exact time and location anywhere in the world. 


For details of your nearest stockist please call Hama (UK) Ltd on 0845 230 4262 
View the full range at www.hama.co.uk/products/celestron 
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